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"I" h e f  a t  e o f  p h o t  o s y n t  h e t  i  c a 11 y f  :L x e d e n e r  g y a n d t  h e 
r o l e  o f  p l a n k t o n  in  t h e  energy  f l o w  t o  t h e  sed iment  through
d e t  r  i t  a 1 p a t  h w a y i s r  e p or  t  e d » S o m e s e l e c t e d  p h y s i c o <::: h e m i o a 1
c o n d i t i o n s  o f  t h e  h a b i t a t , p h y to p la n k to n  and z oop1 ankton  
h i o m a s s , s e a s o n a 1 p a 11  e r  n s o f  i n d i v i d u a 1 s p e c i e s a n d p r  :i. m a r  y 
p ro d u c t  i or"t of  phytop 1 ankton  were s t u d i  ed f  ram 0 c t o b e r  , :l. 983  
t o  Septem ber ,  1985., Seston biomass,  c o m p o s i t io n ,  c h e m is t r y  
and e n e r g e t i c s  were s t u d i e d  from March,  1985 t o  F e b r u a r y ,
1986,. C h e m is t ry  and t h e  e n e r g e t i c s  of  t h e  sed iment  were  
s t u d i e d  f rom J u l y ,  1985 t o  June,  1986. Benthos biomass and 
e n e r g e t i c s  were s t u d i e d  from March, 1985 t o  F e b r u a r y ,  1986.,
Chemi c a l  condi  t  i ons espec i a l 1y pH, c o n d u c t i v i t y , 
n i t r a t e ,  o r th o p h o s p h a te  and s i l i c a t e  showed g r e a t  v a r i a t i o n s  
s i n c e  K l a r e r ' s  <1978) s t u d y ,  conducted 10 y e a rs  e a r l i e r , ,
P h y to p la n k to n  biomass showed a s i n g l e  summer peak 
d u r i  ng June and J u l y .
Zoo p lank ton  biomass showed t h r e e  d i s t i n c t  seasonal  
peaks d u r in g  mid t o  l a t e  s p r i n g ,  l a t e  summer t o  e a r l y  autumn 
and in  l a t e  autumn t o  e a r l y  w i n t e r .
Seston biomass showed t h r e e  d i s t i n c t  seasonal  peaks  
d u r in g  mid s p r i n g ,  l a t e  summer and mid autumn a l th o u g h  high  
l e v e l s  were a l s o  observed in  w i n t e r .
N i t  r  o g e n and phosp h o r  u s c o n central ' ,  i oris in  t  h 0 s e d i m e n i  
were a l s o  h i g h e r  a t  s t a t i o n  1 than  a t  s t a t i o n  2- Both 
o r g a n ic  carbon and t h e  energ y  c o n te n t  o f  t h e  sed iment  were  
much h i g h e r  d u r in g  t h e  summer months than  t h e  r e s t  of  th e  
per  i o d -
Benthos biomass showed two d i s t i n c t  seasonal  peaks a t  
s t a t i o n  1 , d u r in g  s p r in g  and autumn and a s i n g l e  summer peak 
a t  s t a t i o n  2 .
On an annual  b a s i s ,  0.87"/. of t h e  energy  was t ra n s fo rm e d  
•from p h y to p la n k to n  t o  z o o p la n k to n  r a n g in g  •from 0.087. in  
October  t o  5.89% in  F e b r u a r y .
S even ty  seven p e r c e n t  o-f t h e  energy  was c h a n n e l le d  
th rough  s e s to n .  Seston p r o d u c t io n  g r e a t l y  exceeded p r im a ry  
p r o d u c t i o n  •from November t o  F e b r u a r y ,  1986.
The energy  t r a n s f e r  from p r im a r y  p r o d u c t i o n  d u r in g  l a t e  
s p r i n g  t o  mid summer was not  r e f l e c t e d  in  t h e  sed im en t ,  
i n s t e a d  t h e  h i g h e s t  l e v e l  was observed in  August and 
September when p r im a r y  p r o d u c t io n  was v e r y  low.
Benthos p r o d u c t io n  was independant  o f  p r im a ry
p r o d u c t io n  in  deep w ate r  a t  s t a t i o n  1 but  in  s h a l lo w  w ater  
a t  s t. a t  i o n 2 , :i. t  c 1 o s e 1 y f  o 11 o w e d p r  i m a r  y p r  o d u c t  i a n
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I  i: ES '"If O  Fr F;" i: IB H li EE s
I'-1 o v ■ p i i o in e 1 1"' :i. c map o f  D ub 11 I....o c: hi an  sh  ow :i. n g I  o c  a t  ;i. or "i s
0 f  a i n p 1 :i. n g s  i t  e s  ( s  t  a 1 :i. o n 1 a n d s  t  a t  i o n 2 )  „
Da i I  y w a t e r  l e v e l  f  1 uc t  u a t  i  on s :i. n Dubh I....a ch a n  f  r  om 
F e b r u a r y ,  1 9 8 4  t o  J a n u a r y ,  1986, ,  W a t e r  l e v e l  was  
r  e e o r d e d  1 n c e n t  :i. m e t r  e f  r □ m an ai'"b i  1 r a r  y d a t u m  „
S e a s o n a l  v a r i a t i o n s  o f  w a t e r  t e m p e r a t u r e  a t  s t a t i o n
1 f  r  o m 0 <:: t  o ta e r ,  1 9 8 3  t  o Sep teni  b e r  , 1 9 8 5 ,
1 sop 1 e t  h s o f  w a t e r  t  emp r  e a t  lir  e a r e  ex p r  e s s e d  i n 
d e g r e e  C e l s i u s .
S e a s o n a l  v a r i a t i o n s  o f  w a t e r  t e m p e r a t u r e  a t  s t a t i o n
2 f  rom □ e t a b e r  , 1 9 8 3  t o  S e p t e m b e r  , 1 9 8 5 .  !Csop 1 e t h s  
o f  w a t e r  t e m p e r a t u r e  a r e  e x p r e s s e d  i n  d e g r e e  
C e l  s i  a s .
Seasonal  v a r  i a t  ion  s of  d i s s o 1 ved oxygen a t  s t a t  i on 
1 from O c to b e r ,  1983 t o  September ,  1985, I s o p l e t h s  
o f  d i  s s o  1 ved  ox y g e n  a r e  ex p r e s s e d  a s  p e i ' "cen tag e  
s a t u r a t  i on
8 easona 1 va r  i a t  i ons of  di  sso 1 ved ox ygen a t  s t a t  i on 
2 f  r  o m 0 c t  o b e i ", 1983 t  o 8 e p t  e m b e r  , 1985 „ I s <::> p 1 e t  h s
o f  d i s s o 1 v e d o x y g e n a r e  exp r  e s s e cl a s p e r  cen tag e  
s a t u r a t  i on
Seasonal v a r i a t i o n  of  hydrogen ion  c o n c e n t r a t i o n s  
(pH) a t  s t a t i o n  1 from O c to b e r ,  1983 t o  September,
1985..
8  e a s o n a 1 v a r  i a t  i o n s o f  h y d r  o g e n :i. o n c o n c e n t  r  a t  i o n s 
(pH) a t  s t a t i o n  2 from O c to b e r ,  1983 t o  September,
1985..
8  e a s o n a 1 v a r  i a t  i o n s o f  a 1 k a 1 i n i t  y a t  s t  a t  i o n 1 f  i'" o m 
O c to b e r ,  1983 t o  September,  1985.  I s o p l e t h s  of  
a l k a l i  n i t  y ar e ex pr essed as b i c a r  b ona te  meq /1  .,
S e a s o n a 1 v a r  :i. a t  i o n s o f  a 1 k a 1 i n i t  y a t  s t  a t  i o n 2 
from O c to b e r ,  1983 t o  September ,  1985,. I s o p l e t h s  
of  a 1 ka 1 i n i t  y a r e  ©x pr  essed as b i c a r  bon a t e  meq /1
Season a 1 va r  :i. a t  i on s of conduct  i v i t  y a t  s t  a t  i on 1 
f  rom 0 c t  ob e r , 198 3 t o  8 ep t  emb e r , 1985. 1s op1 e th s
of  c on duc t  :i. v i t  y ar  e ex pr e &sed :i. n mi c r  o-■ S i emen s /  c m.
:l. 2 „ S e a s o n a l  v a r  i  ah i  onc:> o f  c u jn d u x i t  i  v i  t y  ah s t a t i o n  2
f  a o iii (J c t  o hi e i' , 1 9 8 3 t. o S tv p t  e m !:.:■ e i'" , 19 8 8 I s  o p 1 e t  i "i cd
o f  c c in d u c t  :i. v i  t y  a r e  e x p r e s s e d  i n  m i c r o  B i  e m e n s /c m ,,
:i. 3 „  SeacDonal v a r  ;i. a t  i  o n e  o r  n i  hr a t e  ah s t a t i o n  1 f r o m
0 t  o to e r" , :l. 9 8 3  t  o 3 e p h. e m to e r  , :!. 9 8 hi „ I <3 a p I e t  hi s  o f
n i t i " a t e  a r e  e x p r e a s e d  i n  j j . g /1 , ,
:!. 4 u S e a 3on  a I  v a r  i. a t  :i. on  3 a  f  n :i. t  r  a t e  a t  31 a t  i  on  2 f  r  o 11
O c t o b e r , 1 9 8 3  t o  S e p t e m b e r ,  1985,, I s o p l e t h s  o f
n :i. t  r  a t e  a r  e e x p r  e s  3 e d i  n j.i g /1  „
15., S e  a 3 o  n a 1 v  a r  i  a t  i  o n s  o f  a ni ni o n i a  a t  cd t  a t  i  o n 1 f  r  o ni
0 <::: t  o  to e r  , 1 9 8 3  t  o 8 e p> t  e ni I::) e r  , 19 8 '3 „ I s  o p 1 e t  h 3 o f
a m m o n ia  a r e  e x p r e s s e d  i n  j . . ig / l  „
16 „ 8 e a 3 a n a 1 v a r  i  a :i. t  i  o  n 3 o f  a ni m o n i  a a t  s  t  a t  :i. o  n 2 f  r  o in
0 c t  o to e r  , i  9 8  Z t  o 8 e p te n t  to e r  , :1.9 8 5 I  s  o p 1 e t  hi s  o f
a<nmonia a r e  e x p r e 3s e d  1 n j,.ig/1  „
:l. 7 „ 8 e a 3 o  n a 1 v  a r  i  a t  i  o n <:> o f  o r  t  h o p h 0  s  p h a t  e a t  s t a t  i  o n :i.
f  r  a m 0 c: t  o t j  e r  , 1 9 8 3  t  o $:!5 e p t  e m to e r  , 1983,, 13 o p 1 e t  h ii»
o f  o r t h o p h o s p h a t e  a r e  e x p r e s s e d  i n  j . , i g / l  »
18., S e a s o n a l  v a r i a t i o n s  o f  o r t h o p h o s p h a t e  a t  s t a t i o n  2
f r o m  O c t o b e r ,  1 9 8 3  t o  Sep te rn  to e r  , 1985,. I s o p l e t h s
0 f  o r  1: hi o p hi o 3 p hi a t  e a r  e e x p r  e s  s  e d i  n p  g / 1  „
19 „ 8 e a a n a  1 v a r  i  a t  i  o n s  o f  s i  1 i  c a t e  a t  s t a t  i  on  1 f  r  om
0 c d c t o t o e r  , 1 9 <::!Z t o  8 e p te m to e r  , 1 9 8 5 „  I s o p l e t l “is  o f
cd:i. 1 :i, c :a te  a r e  e ;■! p i r e s s e d  i  n mg/1  ,.
2 0 .  S e a s o n a  1 v a r  i  a t  i  o n 3 o f  s i  1 :i. c a t e  a t  s t a t  i  on  2 f  r  oni
G c t  o to e r  , 1 9 8 3  t  o 8 e pi te rn  hi e r  , 1985,, I s  o p 1 e t  hi 3 o f
s  ;i. I i  <::: a t e  a r  e e j”) r  e s s e d i  n m g /1  ,,
21 „ 8 e a s o n a  1 v a r  i  a t  i  o n s  o f  d i  s s o  1 vecl o r  g a n  i  c: c :a r  toon a t
b t  a t  i  cd  n :l, f  r  o ni 0 c t  o t o  e r  ,  1 9 8 3  t  o 8 e p t  e m t o  e r  ,  1 9 8 5 ,,
1 s o p 1 e t  hi s  o f  d i  cd cd o !l. v  e d o r g a  n i  c c: a r  b o n a r e  e x p r  e s  cd e cl 
i n  m g C /1 „
2 2 „ 8 e a © o n a 1 v a r  i  a t  i  o n cd 0 f  d i s s o l v e  cl 0 r  g a n i  c c: a r  to 0 n a t
c d  t  a t  :i. 0 n 2 f r o m  0 c 1 0 to e r  , 1 9 8 3  1 0 8 op t.  e m b e r  , 1 9 8 5 .
I cd 0 p l e t  hi s  0 f  cl i  s  s  o 1 v  e d o r g a  n i  c: c: a r  hi 0 n a r e  e x p r  e s s  e c! 
i n  m gC/1 ,.
2 3,. 8 e a © o n a 1 v  a r  i  a t  i  0 n © 0 f  p h y  1 0 p 1 a n k t  o n b i  0 m a © © f  r  o m
J a n u a r  y  , 198  4 t  c d  D e c e m to e r  , 1985,, I  s  0 p 1 e t  hi cd a f
p h y t o p l a n k t o n  b io m a s s  a r e  e x p r e s s e d  a s  n u m b e r  x 
1 0 ® / 1 „
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Sea son a 1 var :i at, i on s e f Sph a e r  oc yet. i s sc: h r o e t  er :i 
■from January , ,  1984 t o  December',, :i,9Eiu„ i s o p l e t h s  
a r e  e r  p r e s  sec! as number- x 10 'V I . ,
8 e a s q n a 1 v a r  :i. a t  :i. o n s o -f D :i. n o b r- y a n d i v e r  9 e n s t  r  o s n
J a n u a u ry ,  1984 to  December , 1985,, I s o p l e t h s  arc,?
e t  p r  e s s e d a s n t..t m b e r' x 1 0 0 0  / 1 ,,
8  e a s o n a 1 v a r  :i. a t  i o n s a Oocyst  i s s p p „ , -f r  o m J a n u a r  y ,
.1984 t o  December, 1985., i s o p l e t h s  a r e  expressed  as  
number x 1 0 0 0 / 1 .
S e a s o n a I v a r  i a t  i o n s o -f g r  e e n -f1 a g e 11 a t  e s -f r  o m
J a n u a r y ,  1984 t o  December, 1985,, I s o p l e t h s  a r e
expressed  as number x 1 0 0 0 /1  .,
Seasona 1 va r  i a t  :L ans a -f Cryptomonas spp „ , -f r  o/n
J a n u a ry ,  1984 t  o December, 1985. I s o p 1e t  hs a r e
ex p r  es s ed as n u mb e r  x 1 <300 /1  „
Seasonal  v a r  :i. a t  i ons o f  B o t ry o c o c c us braurijLJ. -from
J a n u a r y ,  1984 t  o Dec emb e r , 1985„ I s o p 1e t  hs a ro
exp ressed  as number x 1 0 0 / 1 „
Seasonal  v a r i a t i o n s  of  Reran i a h e r  eb aud i -from
J a n u a r y ,  1984 t o  December, 3.985, I s o p l e t h s  a r e
exp ressed  as number x 1 0 0 /1  ,.
Seasonal  v a r i a t i o n s  o-f Euu"H3t i a  pec t  i na l  i s -from
J a n u a r  y , 1984 t  o D e o ember-, 1985,  I s o p 1 e t  h s a r  q
expressed  as number x 1 0 0 / 1 .
Seasonal  v a r i a t i o n s  o-f E unot i  a 1 u n a r i s  -from 
J a n u a r y ,  1984 t o  December, 1985,, I s o p l e t h s  a re
ex pressed  as number x 1 0 0 /1  ..
Seasona 1 va r  i a t i  ons of F r u s t u l  i a rhomboides -f rom
J a n u a r  y , 1984 t  o D e c e m b e r  , .1.985 „ I s o p i e t  h s a r  e
expressed  as number x 1 0 0 / 1 ,
S e a s o n a l  v a r i a t i o n s  o f  l a b e l  1 a r  i  a f 1 o c c u l  o s a  -f rom 
J a n u a r y ,  1984 t o  D e c e m b e r ,  1985,  I s o p l e t h s  a r e  
e x p r e s s e d  as  num ber  x 1 0 0 / 1 „
M a n t  h 1 y m e a n p r  i m a r  y p r  o d u c t  i o n -f r  o m F e b r  u a r  y , 19 S 4 
t  o J a nu a r y , 1986, P r i  mar y p r od uc t  i on i s  ex p r es sed 
i n K J x 10 53 /  m221 a k e s u r  -f a c e /  m o n t  h ,
Season a I v a r  1 a t  i on s o-f z oop 1 an k t  on b i amass -f r  orn 
J anuar y , 1984 t  o Decemfo e r , 1985.  I s o p 1e t  h s a r e
e x p r  e s s e d a s n u m b e r  /1  ,
II Seasonal  V ;:;1.1" j, 3 A 1 Df”l S O'f b.Ud 3. SpLott’lUS C|t''aC'A j. 1 !:;>
( i i a u p 1 :i, u s ) fi" cm January  , .1. 984 to o December , 1 985..
I s p  I e t  h s a r e  ex |j r  & m secl a s a a r«'>h 0 r  /  3. „
<:.-J» Beasonai v a r  A a t  1 ons ol  bud Aaptomus gr ae A 1 A s ( adul to.)
■f r  offi J a n u a r  y , :!. 984 1:0  D0 c: emto er , 1 9 8 5 I s op 1 0 1 h s a r  0
3 9.  Seasonal  v a r  A a 1 1 o n s o -f Cer  1 pdap h n l a  r e t  1 c:: u 1 a t  a to r o n \
J a n u a r y ,  1984 t o  December, 1985,. I s o p l e t h s  a r e
exp ressed  as n u m b e r / I „
40„ Seasona 1 va r  i at:i. ons oto l<el l i cx::)1 t _1 a I ongi  spa, na -f r on 1
J a n u a r y ,  1984 t o  December, 1985.  i s o p l e t h s  a r e
e x p r  e s s e d a s n u m 1:3 e r /1  ,,
41» Seasona 1 var' i a t  :i, ons o4 K e r a t e l  1 a q u a d r a ts  ■f rom
J a n u a r  y , 1984 'I':, o D e c e m b e r  , 1985 „ I s o p 1 e t  h s a r  e
expressed  as num be r / I  ,,
4 2 „ Seasonal  v a r  i a t  :i, on s o -f Tr A choc e re  a s i  ml 1 A s -f r  o m
J a n u a r y ,  1984 t o  December, :L985„ I s o p l e t h s  a r e
expressed  as n u m b e r / I «
43 „ Seasona 1 v a r  i a t  A on£■> o P o l _ y a r t h r  a vul  gar  A s •{'■ r  om
J an uar  y , 1984 t  o Dec emb er  , :L 985 „ I sop 1 e t  h s ar e
expressed  as number / I  ,,
4 4 „ S e a s o n a 1 v a r  :i a t  A o n s a f s e s t  o n b A o m a s s f r  o m M a r  c hi,
1985 t  o F e b r  u a r  y , 1986 „ S e s t. o n to A o m a s s i s e p r  e s s e c:l
a s d r  y w e A g h t  A n g /  m 1 a k e s u r  -f a c. e / ,  m o n t  h ,,
4 5» Season a I va r  :i. a t  A on s o-f ses t  on c omp os A t  A on -f r  arn
lvl a r  c h , 1985 t  o F e b r  u a r  y , 1986 „ S e s t  o n comp o s A t  A o n 
:1s expressed  as p e r c e n ta g e .
4 6 . Se a s on a I v ar  :L a t  :L on s o -f or g an A c ma 11 e r  an d m A n er  a 1
c a n t  e n t  :i n s e s t  o n -f r  a m M a r  c h , 19 8  5 t  o F e to r  u a r  y ,
1986,, O rg an ic  m a t te r  and m in e r a l  c o n te n t  As
e x p r  e s s e d a s P 0  r  c: e n t  a g e „
4 7 „ 8  e a s o n a 1 v a r  A a t  A o n s o -f c a r  b o n c o n t  e n t  A n s e s t  o n
■from March,  1985 t o  F e b r u a r y ,  1986,, Cartoon c o n te n t  
A s ® x p res  s e d A n m g C /  g o -f s 0  s t  o n »
48.  Seasonal  v a r i a t i o n s  of  t o t a l  n i t r o g e n  c o n te n t  in
ses ton  -from March,  1985 t o  F e b r u a r y ,  ;L986„ N i t r o g e n
c o n te n t  A s 0 xpressed  An mg NM4 - N/ g o-f ses ton  »
xv
S<:;a5 oi"iaI v a r i a t i  ons of t o t a l  sol ubl e reactive:;  
or tl'Kjp hasp h a t  e c one err': r a t  :i. or is :i. n s e s t  or: from March , 
:!. V8 b t o  !"• e b ru a r  y , 1 V 0 6« (Jr t  hophoaphat e
conc©nt'.i'“a t  i on i s ©x j:)r 0 ss0 d i n rricj F(J4 !•■•*/g of SBstori»
b o S e a s o n a l  var' i at. x ons of 8 a r b o n / Mi t r 0 9 on r a t i  o of
s e s t  o i"i f r  o 1 i'i M a r  c: h , 1905 I;:, o F 0 to r  a a r  y , i 9 8 6
'51 „ S e a s o n a I v a r  i a t  i o n b o f  N i t  r  o g e n /  P h o s p h o r  u s r  a t  i o
o •? s e s t  o i") f  r  o rn lvl a r c I'i, i 985 t  o F © b r  u a r' y , :l 986«
52« Seasonal  v a r i a t i o n s  of  energy  c o n te n t  per  gram dry
wei gh t  o f  seb t  an f  r  om lvlarch , 1985 t  o Febr  uar  y  , 
1986.  The energy  c o n te n t  i s  expressed  in  KJ x 
:l. 0 0 0  /  g o f  s e s t  o n „
53« Seasonal v a r i a t i o n s  of  energy  c o n te n t  per  gram ash
•free d ry  w e ig h t  of  ses ton  from March, 1985 t o
F e b r u a r y ,  1986.  The energy  c o n te n t  i s  expressed  in
K J x .1.000 /  g a f  s e s t  o n ..
5 4.. S e a s o n a 1 v a r  i a t  i o n s o f  t  o t  a 1 e n e r  g y c o n t  e n t  o f
ses ton  from March,  1985 t o  F e b r u a r y ,  1986. The 
energ y  c o n te n t  i s  expressed  in  KJ x lO'Vm22 l a k e  
sur  f  ace /month »
55 .  Sediment c o res  from s t a t i o n  1 and s t a t i o n  2 showing  
d i f f  e r  en t  1 aye r  s wh e r  e t  he sub samp1es wer e t  a k en 
f  o r  r  o u t  i n e a n a 1 y s i s „
56.  The r e l a t i o n s h i p  between p e l l e t  s i z e  and th e
c o m b u s t  a b i 1 i t  y o f  t  h e s e d i m e n t .
5 7.  S e a s o n a 1 v a r  :i. a t  i cd n s o f  o r  g a n i c ma t  t e r  i n t  h e
sed iment  f rom J u l y ,  .1985 t o  June,  1986. Organ ic
rn a 11  e r  i s e x p r  e s s e d a s p e r  c e n t  a g e »
58>, Seasonal v a r i a t i o n s  of  m in e r a l  c o n te n t  in  t h e
sed i men t  f  r  om J u 1 y , 1985 t o  June,  1986.  M iner  a 1 
c o n te n t  i s  expressed  as percentage, .
59.  Seasonal v a r i a t i o n s  o f  carbon c o n te n t  in  th e
s e d i men t  f  r  o m J u 1y , 1985 t  o J u n e , 1986. C arb on
c o n te n t  i s  expressed  in  mgC/g of  s e s to n .
60 .  Seasonal v a r i a t i o n s  of  t o t a l  n i t r o g e n
c o n c e n t r a t i  cdns i n th e  sedi  ment f ram J u l y ,  1985 t o  
J 1,a n e , 1986,, N i t  r  o g e n c o n c e n t  r  a t  i o n i s e x p r  e s s e d i n 
mg NH4-N/g .
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S e a s o n a 1 v a r  :i, a t  i o n s o f  t  o t  a 1 so l  u b 1 e r  © a c t i v e  
o r  t  h o p h a s p h a t  © c o n c e n t  r  a t  i o n s i  n t  h e s © d :i. m © n t  f  r  a rn 
J u 1 y , 1985 t  o J u n e , :L 986» 0 r  t  h o p h o s p h a t  e :i. s
e x p r  © s © e d i n rn g P 0 4 P /  g „
S ©as o ri a 1 v a r  i a t  i o ns o f  C a r  b o n /  N i t  r  o g © n r  a t  i o i n t  h ©
s © d i m e n t  f  r  o m J u 1 y , :l 985 t  o J u n © , 1986.
B e a s o n a 1 v a r  i a t  i o n © o f  N i t  r  o g © n /  P h cd s p h o r  u s r  a t  i o :i n
t  h e s © d i m © n t  f  r  a m J u 1. y , .1985 t  o J u n e , 1986 „
Seasonal  v a r i a t i o n s  of  energ y  c o n te n t  per  gram dry  
w © i g h t  o f  s © d i m © n t  f  r  o m J u 1 y , 1985 t  o J u n ©, 1986
Energy c o n te n t  i s  expressed  in  KJ x 1 0 0 0 /g .
S © a s o n a 1 v a r  i  a t  i a n s cd f  © n © r  g y c cd n t  © n t  p e r  g r  am a cd h 
f  r  e © d r  y we i g i'i t  o f  s ed i men t  f  r  om J u 1 y , 1985 t  cd 
J un © g 1986« En©r  gy ccdn t  ©n t  i s ©x pr ©ssed i n K J x 
1 0 0 0 / g .
Seasonal  v a r  i a t  i cd n s cd f  b © n t  h o s b i cd m a s s f  r  o m lvl a r  c h,
1985 t o  F © b r  u a r  y , 1986.. B © ri t  h os b i o m a s s ;i. cd
exp ressed  as numtoer / m's 1 ake bcd11 orn/ mant h «
Seasonal  va r  i a t  i ons of  b©nthos  toi cdmass f  rom Mai'"ch , 
1985 t o  F e b r u a r y ,  1986.  Benthos biomass i s
© x p r  ess© d a s d r  y w © :i. g h t  i n g /  m121 a k e b o 11 o m /  m cd n t  I’i
Seasonal  v a r i a t i o n s  of  benthos  biomass from March,
1985 t  o F e b r  u a r  y , 1986.  B © n t  h os b i o  in a s s i  s
©x p r e s s ©d i n KJ x 1 0 ‘”-5/ mra 1 ake bcd1 1 orn/mcdnth«
Energy f l o w  in  Dubh Lochan. The v a lu e s  a r e  expressed  
i n  KJ x 1053/ y e a r .
R e l a t i o n s h i p  between energ y  c o n te n t  of  ses ton  and 
sed im en t .
M e t e o r o l o g i c a l  d a t a  -from O c t o b e r , 1983 t o  September,,  
1985.
Morphometry o-f Dubh Loch an.
S p e c ie s  c o m p o s i t io n  o-f a q u a t i c  v e g e t a t i o n  in  Dubh 
Lochan.
S p e c ie s  c o m p o s i t io n  o-f zoobenthos  in  Dubh Lochan,,
Spec i  es composi t  i  on and abundance o-f phytop 1 an k t  on 
i n  Dubh Lochan.
P r o d u c t io n  p r o f i l e  th ro u g h o u t  t h e  w a te r  column a t  a 
t im e  o f  maximum p h o t o s y n t h e s i s  < 1 4 .7 .1 9 8 4 )«
S p e c ie s  co m p o s i t io n  and abundance of  s o o p la n k to n  
i n  Dubh Lochan.
S p e c ie s  co m p o s i t io n  and abundance o f  benthos a t  
s t a t i o n  2 f rom March,  1985 t o  F e b r u a r y ,  1986 in  Dubh 
Lochan«
S e a s o n a 1 v a r  i a t  i o n s o f  e n e r  g y f  1 o w -f r o m
p h y t  o p 1 a i") k t  o n t  o b e n t  h o s f  r  o m F-‘ e l:> r  u a r  y ,, 1984 t  a 
J u n e , 19 8 6 .
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C H A P T E F ^  —  1  .
gs e :  im e: r -  . a  l.„ x  im t "  fs  o  o  i  j  c  t  x  o  im
S t u d i e s  on the? b i o e n e r g e t i c s  or  energy  -flow a r e
becoming i n c r e a s i n g l y  im p o r ta n t  in  a q u a t i c  ecosystem s,
d a t i n g  -from t h e  t r o p h i c  dynamic model o-f ecosystem s t r u c t u r e  
(L indemann,  1 9 4 2 ) .  D u r in g  t h e  l a s t  decade t h e  body o-f d a t a  
c o n c e rn in g  energy  -flow i n  l a k e  ecosystems has in c r e a s e d  
m arked ly  (Jonasson,  1972 & 1981$ K a jak  e t  a l . ,  1972$
Morgan & McLusky, 1 9 7 4 ) .  The number o-f organ isms l i v e  in  an
ecosystem depends on t h e  r a t e  a t  which energy  -flows th rough
t h e  b i o l o g i c a l  p a r t  o-f t h e  system and a r e  exchanged w i th
t h e  a d j a c e n t  systems.
Non energy  y i e l d i n g  m a t e r i a l s  c i r c u l a t e ,  but  energy  
does n o t .  N i t r o g e n ,  c a rb o n ,  w a te r  and t h e  o t h e r  m a t e r i a l s  o-f 
which l i v i n g  organ isms a r e  composed may r e c i r c u l a t e  many 
t im e s  between l i v i n g  and n o n - l i v i n g  e n t i t i e s  but  energy  i s  
used once by a g iv e n  organ ism or p o p u l a t i o n ,  i s  c o n v e r te d  
i n t o  h e a t  and i s  soon l o s t  -from th e  ecosystem. L i -fe  i s  kep t  
going  by t h e  c o n t in u o u s  -flow o-f energy  in  t h e  -form o-f sun 
l i g h t  (Odum, 1963$ F i s h e r  & L i k e n s ,  1 9 7 3 ) .  T h e r e f o r e ,  th e  
i n t e r a c t i o n  of  energy  and t h e  m a t e r i a l s  i n  t h e  ecosystem i s  
e x t r e m e l y  i m p o r t a n t .  By f a r  t h e  most i m p o r ta n t  i n p u t  of  
chemica l  energy  i n t o  l e n t i c  ecosystem i s  by th e
Fage 1
p h o t  o s y n t  h © s i s o f  p h y t  o p I a n k t  o n w h i o h a r  © c o n s i c:l © r  © d a s 
pr i mary produ<:::e r e .  Thus t h e  eInemi ea 1 ene rg y  f  1 aws thrcdugh 
t  hi © © c d © y s t  © m in  va r  i cd u s way s t  o t  hi © <b © c o n d a r  y cd r  t  © r  t  i a r  y 
p ro d u c e rs  th ro u g h  r©p©at©d ©at i r ig  and b e in g  e a te n  in  complex  
n a t u r a l  com m uni t ies  and c ou ld  to© r e - fe r r e d  a® g r a z i n g  -food 
c h a in .  At each t r a n s f e r  o-f energy  -from one organ ism  t o  
a n o t h e r ,  or  -from one t r o p h i c  l e v e l  t o  a n o t h e r ,  a l a r g e  p a r t  
i s  degraded i n t o  h e a t .  The s h o r t e r  t h e  -food c h a i n ,  or  th e  
n e a r e r  t h e  organ ism t o  t h e  b e g in n in g  o-f t h e  -food c h a i n ,  t h e  
g r e a t e r  t h e  a v a i l a b l e  chem ica l  energy  t o  t h e  organ ism .  So 
p h y t o p l ank ton  as p r im a r y  p ro d u c e rs  and z o o p la n k to n  as 
secondary  p ro d u c e rs  t o g e t h e r  p l a y  a v e r y  im p o r ta n t  r o l e  in  
t h e  energ y  t r a n s f e r  a t  d i -f - f©rent  t r o p h i c  l e v e l ®  in  th e  
a q u a t i c  ecosystems.
A f t e r  t h e  dea th  and d ec om pos i t ion  of  p l a n k t o n ,  th e y  j o i n  
d e t r i t u s .  I t  has been a p p a r e n t  f o r  a long t im e  t h a t  o r g a n ic  
d e t r i t u s  p l a y  a v e r y  im p o r ta n t  r o l e  in  t h e  s t r u c t u r e  and 
f u n c t i o n  o f  a q u a t i c  ecosystems.  O rgan ic  m a t te r  f u n c t i o n s  as 
an energy  r e s e r v o i r ,  which may be more r a p i d l y  or  more 
s l o w l y  u t i l i z e d  depending on th e  f u n c t i o n a l  r e q u i r e m e n t s  of  
t h e  system (Saunders ,  1980) and c ou ld  be reg ard e d  as 
decomposer food c h a i n .  O ther  au toch thonous  o r g a n ic  m a t te r  
( o r i g i n a t i n g  m a in ly  f rom a q u a t i c  macrophytes)  and 
a l lo c h t h o n o u s  o r g a n ic  m a t te r  ( o r i g i n a t i n g  from o u t s i d e  
sources )  cou ld  a l s o  be i m p o r ta n t  sources  of  energy  i n p u t  in
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l a k e  ecosystem s.  However ,  th e y  were not  s e p a r a t e d  in  th e  
d e t  r  i t  a 1 d y n a m i c s d u r  i n g t  h e p r  e s e n t  s t  u d y .
The e f f i c i e n c y  of  energ y  t r a n s f o r m a t i o n  -from one t r o p h i c  
l e v e l  t o  a n o th e r  depends upon t h e  n a t u r e  of  d e g r a d a t io n  and 
a l s o  t h e  n a t u r e  o*f t h e  subsequent  t r a n s f o r m a t i o n  in  complex  
ecosystems.  I t  a l s o  depends upon e n v i r o n m e n ta l  c o n d i t i o n s  
such as l i g h t  a v a i l a b i l i t y ,  t e m p e r a t u r e ,  d is s o l v e d  gases ,  
e s s e n t i a l  n u t r i e n t s  e t c . ,  (Jonasson,  1 9 7 9 ) .  K o z lovsky  
(1968)  re v ie w e d  t h e  l i t e r a t u r e  on e c o l o g i c a l  e f f i c i e n c i e s  
and d e f i n e d  th e s e  as n o n -d im e n s io n a l  r a t i o s  of  v a r i o u s  
p a r a m e te r s  of  energ y  f l o w  in  or between t h e  t r o p h i c  l e v e l s  
of  a n a t u r a l  community ,  in  or  between p o p u l a t i o n s  of  
organ ism s or  in  or  between organ ism s.  Each ecosystem has 
i t s  own way o f  energ y  t r a n s f o r m a t i o n  and d i s p e r s i o n  system.  
E c o l o g i c a l  b i  o e n e r g e t i  c s t u d i e s  a r e ,  t h e r e f o r e ,  v e ry  
im p o r t a n t  in  u n d e r s ta n d in g  fundam enta l  growth  processes  in  
an a q u a t i c  ecosystem.
A p ro p e r  u n d e r s ta n d in g  o f  t h e  energ y  f l o w  a t  d i f f e r e n t  
t r o p h i c  l e v e l s  and a l s o  in  d i f f e r e n t  seasons in  a p a r t i c u l a r  
h a b i t a t  i s  e s s e n t i a l  f rom f i s h e r i e s  p o i n t  o f  v iew .  Many 
f i s h  a r e  p l a n k t o n  f e e d e r s ,  some a r e  p h y to p la n k to n  f e e d e r s  
and some fe e d  on both  p h y to p la n k to n  and z o o p la n k t o n . Some 
f i s h  fe e d  on o r g a n ic  d e b r i s  and d e t r i t u s  and o t h e r s  fe e d  on 
l i t t o r a l  or b e n t h i c  a n im a ls .  Again some f i s h  a r e  p e l a g i c
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■f e © d e r  s , s d m e a r  © b o 11  c:) m -f e e d © r s a n d o t  h © r  s -f © © d :i. n b © t  w © © n 
o r  i n d i  -f -f © r  © n t  t  r  o p h i  c l e v  © 1 s e i t  her  i n d i -f -f © r  © n t  s e a s o n s 
o r  © v © n i n cl i -f -f e r  © n t  t  :L m e s :i. n a cl a y cl © p e n cl i n g u p o n t  h e 
a v a i l a b i l i t y  o-f -foodH There-for© th© p ro p e r  growth o-f - f ish  
and th© ©uccese-ful management o-f a - f i s h e r y  depends d i r e c t l y  
or  i n d i r e c t l y  upon t h e  r o l e  o-f t h e  p l a n k t o n  in  t h e  energy  
t r a n s f e r  a t  d i - f - fe ren t  t r o p h i c  l e v e l s  in  a p a r t i c u l a r
habi  t a t .
Mann <1969) re v ie w e d  t h e  e v o l u t i o n  o-f methodology
c o n c e rn in g  b i o e n e r g e t i c  s t u d i e s  i n  a q u a t i c  ecosystems*  Th©
I n t e r n a t i o n a l  B i o l o g i c a l  Programme <IBP) rev ie w e d  and 
d e s c r ib e d  t h e  s ta n d a rd  t e c h n iq u e s  in  measur ing both p r im a r y
p r o d u c t i v i t y  <V o l 1e n w e i d e r , 1969) and secondary  p r o d u c t i v i t y  
(Edmondson and W inberg ,  1971) in  a q u a t i c  ecosystems*
Gn© o-f t h e  - f i r s t  a t t e m p t s  t o  c o n s t r u c t  an annual energy  
budget  o-f a l a k e  was t h a t  o-f Juday <1940 ) .  The t r o p h i c  
dynamic asp e c t  o-f l a k e  ecosystem was r e p o r t e d  by Lindemann  
<1942) and H u tch inson  < 19157) summarised t h e  works co n cern in g  
energy  budgets  o-f l a k e s  d u r in g  t h e  - f i r s t  2 0  y e a rs  o-f s tu d y .  
S lo b o d k in  ( I 9 6 0 )  d iscus sed  t h e  t h e o r y  o-f energy  budgets  and 
a l s o  recommended some models t o  s tudy  t h e  energy  budgets  in  
t h e  l a k e  ecosystems.  Mann <1969) r e v ie w e d  th e  im p o r ta n t  
s t u d i e s  r e l a t e d  t o  t h e  t r o p h i c  dynamics o-f a q u a t i c  
ecosystems.  D i - f - fe rent  approach t o  e c o l o g i c a l  e n e r g e t i c s  and
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t  h© whoX e coneept  w0 r  e r  0 v ie w 0 d by Ph X X X i pson ( X 975)  » 
D i -f -f © r  e n 1; p a r  a m 0 1 © r  s o -f e n 0  r  g y b u d g 0 1 a n d t  h 0
i n 10 r  r  0  X a t. i o n s h i p b 0 1 w 0  0 n t  r  o p h i e  X 0 v 0  X s w 0 r  0  r  0  v iewed b y
Duncan & KXekowski ( 1 9 7 5 ) .  There  have been r e c e n t  r e v ie w s  o-f 
s t u d i e s  on e c o l o g i c a l  e n e r g e t i c s  on a w o r ld  w ide  b a s is  under  
t h e  a u s p ic e s  o-f t h e  IBP. (Le Cren & Lowe -  M cC o n n e l l ,  1980) »
Energy -flow s t u d i e s  on t e m p e r a t e  l a k e s  have m a in ly  been 
con-f ined t o  p h y to p l  an k ton  p r o d u c t i o n  and t o  some e x t e n t  on 
z o o p l ank ton  p r o d u c t io n  but  s t u d i e s  have been c a r r i e d  out  in  
A r c t i c  Canada and S o v i e t  Union on whole ecosystems
(Jonasson,  1 9 8 1 ) .  However ,  t h e  s t u d i e s  in  t h e  p a s t  were  
m a in ly  concerned w i t h  t h e  g r a z i n g  pathway and decomposing  
pathway has long been n e g le c te d  ( M e l c h i o r r i - S a n t o l i n i  & 
Hopton,  1 9 7 2 ) .  Very  l i t t l e  i s  known about  n o r v - l i v in g
o r g a n ic  m a t t e r  and t h e  p rocess  o-f i t s  t rans- f  ormat i on and 
dec o m p o s i t io n  in  a q u a t i c  ecosystems (Saunders ,  19 8 0 ) .  
E n e r g e t i c  s t u d i e s  were m a in ly  con-fined t o  i n d i v i d u a l
compartments l i k e  ses ton  and sed im en t .  Few works on ses ton  
i n c l u d e  Hal 1 egrae-f-f (1978)j i  L a s t e i n  (1983)  ji Leach (1975)  1 
Mel ch i  o r r  i - s a n t o l  i n i  Hopton (1972)  5 V e rd u in  (1972)  and 
W etze l  e t  a l . ,  ( 1 9 7 2 ) .  The o r g a n ic  m a t te r  and carbon
c o n te n t  o-f t h e  sed im ent  have been w e l l  documented ( e . g .  
C a r l t o n ,  1984ji C la y  & Wilhm, 1979$ Gorham & Sanger ,  1967$ 
Guppy & Happey-~Wood, 1978$ S t o r r  e t  a l . , 1 9 8 4 ) .  More
i n t e g r a t e d  approach o-f energy  -flow s t u d i e s  from
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p h y t  o p :i. a n k t  o n t  h r  o u gh ses ton  and sed im ent  t  o ben t  h i c 
organ ism s a r e  r a r e  ( E f f o r d ,  1969p Iwakuma e t  alp 1 98 4 p 
Jonasson , 1972,  1979,  198 1p K a ja k ,  1972? Ka jak  & Rybak,  
1966) .
The Dubh Lochan was t h e  s u b j e c t  -for t h i s  p r o j e c t .  I t  
i s  a sm al l  d y s t r o p h i c  t o  o l i  g o t r o p h i  c f r e s h w a t e r  l a k e  
s i t u a t e d  near  t h e  e a s t e r n  shore  of  Loch Lomond, on t h e  Ross 
P e n in s u la .  P r e v io u s  s t u d i e s  on t h e  l a k e  have been 
concerned w i t h  t h e  b i o l o g y  o f  Hoi opedi urn gi bberum ( H a m i l t o n ,  
1 9 5 8 ) ,  dynamics of  f i s h  p o p u l a t i o n s  ( S h a f i ,  1 9 6 9 ) ,  v e r t i c a l  
m i g r a t i o n  of  Chaoborus f 1 a v ic a n s  <Go1dsp ink  & 8c o 1 1 , 1 9 7 1 ) ,  
v e g e t a t i o n  (W a lk e r ,  1 9 7 5 ) ,  energy  f lo w  from p h y to p la n k to n  t o  
z o o p la n k to n  ( K l a r e r ,  1 9 7 8 ) ,  and a s h o r t  te rm  s tu d y  on th e  
q u a l i t y  and co m p o s i t io n  o f  ses ton  ( M i l l h o u s e ,  1 9 8 1 ) ,
The aim of  t h e  p r e s e n t  s tudy  i s  t o  i n v e s t i g a t e  t h e  f a t e  
of  p h o t o s y n t h e t i c a l 1 y f i x e d  e n e rg y ,  p a r t  of  which can 
d i r e c t l y  go t o  z o o p la n k t o n ,  some may j o i n  d e t r i t u s  t o  form  
mud a t  t h e  bot tom where some may be consumed by benthos and 
t h e  r e s t  may rem ain  lo cked  in  t o  t h e  sed im ent .  In  
c o m p le t in g  t h i s  a im ,  c o n c e n t r a t i o n s  were g iv e n  on
p h y to p la n k to n  and p r im a r y  p r o d u c t i o n ,  z o o p la n k to n  (b io m a s s ) ,  
s e s to n ,  sed im ent  and benthos (b io m a ss ) .  As both
p h y to p la n k to n  and z o o p la n k to n  p l a y  a major  r o l e  in  d e t r i t u s  
fo r m a t i o n  (Saunders ,  1 9 8 0 ) ,  i t  was n e c essa ry  t o  d e te r m in e
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t h e  p a t t e r n s  of  seasonal  success ion  o f  t h e  two com m unit ies ,  
I n a (::l d i t  i o n s o m e i m p a r  t  a n t  p h y s i c a .1 a n d c h e m i c a 1 p a r  a m e t  e r  s
w e r  e a 1 s o e x a m i n e d t  a p e r  m i t  a n d u n d e r  s t  a n d i n g o f  t  h e
e f f e c t s  of  t h e s e  a s p e c ts  o f  t h e  env ironm en t  on th e
b i o e n e r g e t i c s  of  Dubh Lochan, A l though  K l a r e r  <1978)  
s t u d i e d  p l a n k t o n  e n e r g e t i c s  and a l s o  t h e  p h y s ic o -c h e m ic a l  
p a r a m e te r s  in  t h e  l a k e ,  i t  was ne c e s s a ry  t o  s tudy  them a g a in  
because both  e c o l o g i c a l  c o n d i t i o n  and p la n k t o n  p r o d u c t io n  
c ou ld  be v e r y  d i f f e r e n t  a f t e r  a 10  y e a r  p e r i o d  and t h e r e  i s  
a l s o  y e a r  t o  yea r  v a r i a t i o n  in  t h e  dynamics of  t h e
p a r a m e te r s .
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G M f t F ' T ’ E F t  •— s .
d  e  o  o  f-% f * “r :i: o  im o  f  r m  e  s  t  lj o  y  ft r : eh: ft
2 . 1 .  Genera ls
A l a k e  can not  be und ers tood  w i t h o u t  p ro p e r  knowledge  
o-f i t s  ca tch m e n t .  The w a te r  owes much o-f i t s  chemica l  
p r o p e r t i e s  t o  t h e  g e o lo g y ,  geography and c u l t u r a l  
developem ent  o-f t h e  c a tch m e n t .  C l i m a t i c  c o n d i t i o n s  a l s o  
p l a y  an im p o r ta n t  r o l e  in  t h e  - fu n c t io n in g  of  an
ecosystem.  R a in w a te r  c a r r i e s  d i s s o l v e d  gases ,  io n s ,  
o r g a n ic  compounds and a w ide v a r i e t y  of  both o r g a n ic  and 
i n o r g a n i c  p a r t i c l e s .
A i r  t e m p e r a t u r e  (maximum and minimum),  r a i n f a l l  and 
s un sh ine  d a t a  were c o l l e c t e d  from t h e  C lyde  R iv e r  
P u r i f i c a t i o n  Board ( C . R . P . B . )  s t a t i o n  a t  Arrochymore,  
l o c a t e d  a p p r o x im a t e l y  6  km south  of  t h e  Dubh Lochan
( C . R . P . B .  Annual R e p o r ts  1983,  1984 fe 1 9 8 5 ) .
The Dubh Lochan ( N a t io n a l  g r i d  r e f e r e n c e  NS 3 7 7 9 6 4 p 
L a t .  5 6 °  7 '  N Long. 4 °  3 5 'W) l i e s  a p p r o x im a t e l y  7km n o r th
of  t h e  H ig h la n d  Boundary F a u l t  and about  8 km from Balmaha
near  t h e  e a s t e r n  shore  of  Loch Lomond. I t  i s  s e p a r a te d
from Loch Lomond by a sm al l  r i s e  of  about  200m (Qo ldep ink  & 
S c o t t ,  1 9 7 1 ) .
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Geology i:
The bedrock u n d e r l y i n g  t h e  s tu d y  a r e a ,  l y i n g  in  
v e r t i c a l  bands,  i s  a p a r t  o-f t h e  l a y  Nappe o f  t h e  Dal r a d i a n  
s e r i e s .  A l though  t h e r e  a r e  c o n t r o v e r s i e s ,  i t  i s  b e l i e v e d  
t h a t  t h e s e  s e d im e n ta r y  ro c k s  were d e p o s i te d  d u r in g  t h e  p re  
-  Cambrian or  e a r l y  Cambrian t im e  in  deep w a te r  (MacDonald.,  
1974)» D u r ing  t h e  C a le d o n ia n  orogeny o f  t h e  C a r b o n i f e r o u s  
p e r i o d ,  t h e y  were metamorphosed i n t o  s l a t e s ,  g r i t s  and 
s c h i s t s .  The bedrock o f  t h e  so u th e rn  p a r t  of  t h e  b a s in  i s  a 
band o f  g r i t  and t h e  n o r t h e r n  p a r t  i s  a band of  s c h i s t s .
2 . 3 .  C l i m a t e  s
A l though  t h e  a r e a  i s  i s o l a t e d  from t h e  open ocean,  
t h e  c l i m a t e  o f  t h e  s tu d y  a r e a  resem b les  t h e  Oceanic  reg im e  
t y p i c a l  of  t h e  west c o a s t  o f  B r i t a i n  exc e p t  t h a t  th e  
t e m p e r a t u r e  ran g e  i s  more c h a r a c t e r i s t i c  o f  i n l a n d  r a t h e r  
than  Oceanic  B r i t a i n  ( T i t t e n s o r  and S t e e l e ,  1971)
The m onth ly  mean d a i l y  a i r  t e m p e r a t u r e ,  r a i n f a l l  and 
su n sh in e  d a ta  from O c to b e r ,  1983 t o  September,  1985 a r e  
p r e s e n te d  i n  T a b le  1. Weather  c o n d i t i o n s  v a r i e d  
c o n s i d e r a b l y  between t h e  two y e a r s .  R a i n f a l l  and sunsh ine  
d id  n o t  show p r e d i c t a b l e  seasonal  p a t t e r n  ( C .R .P .B .  Annual  
R e p o r ts  1983 ,  1984 & 1 9 8 5 ) .
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Dur :i. ng 1983,  m i cl au t  umn (0 c t  ob e r  > w a s war m, v e r y  wet 
< r  a x n f  a 11 -  3 0 4 mm) a n d d u 11 b u t  t  h e 1 a t  e a u t  u m n w a s
m o d e r a t e ly  warm, d ry  but  d u l l .  The w i n t e r  was v e r y  w e t ,  
d u l l  and - f a i r l y  c o ld  (minimum a i r  t e m p e r a t u r e  *■ ~ 9 . 7 ° C ) .  
The s p r i n g  and summer o-f 1984 was e x c e p t i o n a l l y  h o t ,  d ry  
and v e r y  sunny.
In  1984 ,  t h e  autumn was s l i g h t l y  c o l d e r ,  v e r y  wet and 
s l i g h t l y  more sunny than  t h e  p r e v i o u s  y e a r .  The e a r l y  
s p r i n g  of  1985 was s l i g h t l y  c o l d e r ,  wet and more sunny than  
t h e  y e a r  b e f o r e  but  t h e  mid s p r in g  was v e r y  c o ld  and wet .  
The e a r l y  summer s t a r t e d  m o d e r a te ly  b r i g h t  but  f rom J u l y  
onward i t  was c o m p a r a t i v e l y  c o l d e r  than  t h e  p r e v i o u s  y e a r ,  
v e r y  wet and d u l l .  The r a i n f a l l  f rom J u l y  t o  September  
t h i s  ye a r  was n e a r l y  4 t im e s  more than  t h a t  in  t h e  p r e v io u s  
ye a r  ( r a i n f a l l  *■ 815 .  lmm) .
A l though  t h e  wind speed and d i r e c t i o n  d a ta  a r e  v e r y  
im p o r t a n t  in  u n d e r s ta n d in g  t h e  m ix ing  p roce ss  in  t h e  l a k e ,  
t h e y  were no t  u t i l i s e d  because o f  t h e  v a r i a t i o n s  of  l o c a l  
to p o g ra p h y .  However ,  t h e  p r e v a i l i n g  wind f o r  t h e  Loch 
Lomond a r e a  a r e  from t h e  south and west ( T i t t e n s o r  & 
S t e e l e ,  1971) and from th o s e  d i r e c t i o n s  t h e  Dubh Lochan i s  
s h e l t e r e d  by h igh  ground.
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Figure 1. Morphemetrie map of Dubh Lochan showing locations 
of sampling sites (station 1 and station 2).
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2.,4„ V e g e t a t i o n  o-f t h e  catchm ent  a r e a  s
The catchm ent  a r e a  can he d i v i d e d  i n t o  t h r e e  
d i s t. i n c t  v e g e t  a t  i o n a 1 r  e g i o n s a 1 1 h o u g h i t  i s  v e r  y sm a 1 1 
b e c a u s e o -f r  u g g e d t  e r  r  a i n .. T h e a d .j a c e n t  a r e a  s u r  r  o u r"i d i n g 
t h e  l a k e  i s  dominated by a mixed oak (Quercus p e t r a  e a 
M attu sc h a  Li  e b 1 i n g ) ,  dec i duous wood1 and ( T i t t e n s o r  & 
S t e e l e ,  1 9 7 1 ) .  The v e g e t a t i o n  o-f t h e  n o r t h e r n  a r e a  of  t h e  
i n f l o w  s t ream  i s  a p a s t u r e  g ra s s  h e a th la n d  (McVean, 1 9 6 4 ) .  
The v e g e t a t i o n  o f  t h e  n o r t h e r n  a r e a  o f  t h e  i n f l o w  s t ream  
and t h e  n o r t h - e a s t e r n  sho re  o f  t h e  l a k e  i s  a m i x t u r e  of  
m a in ly  Norway spruce  <P ic e a  a b i e s  L. K r a s t )  and Japanese  
l a r c h  (L a r i  x kae m pfe r i  C a r r i e r s )  p l a n t e d  by t h e  F o r e s t r y  
Commission in  about  1954.
2 . 5 .  Dubh Lochan s
The l a k e  l i e s  on a NNW -  SSE a x i s  <F ig .  1 ) .  I t  has  
a s u r f a c e  a r e a  o f  7 . 0 6  x 1 0^m3  and o c c u p ie s  a volume  
of  3 . 3 8  x 103 m3  ( T a b le  2 ) .  There  a r e  two main i n f l o w s  
i n  t o  t h e  l a k e .  The p r i n c i p a l  s t ream  f lo w s  in  h a l f  way 
a long  e a s t e r n  shore  near  t h e  deepest  p a r t  o f  t h e  l a k e .  I t  
d r a i n s  t h e  n e ig h b o u r in g  woodlands.  K l a r e r  (1978)  r e p o r t e d  
t h a t  a l th o u g h  t h e  s t ream  c a r r i e s  a l o t  o f  I n f l o w ,  i t  does 
not  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  n u t r i e n t  l e v e l  of  t h e  
l a k e  because t h e  w a te r  i s  as n u t r i e n t  poor as t h e  l a k e  
i t s e l f .  The o t h e r  i n f l o w  i s  a t  t h e  s o u th e rn  end o f  th e
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T a b 1 e 2 , M o r  p h o m e t  r y o f  D u b l"i L a c: h a ri
i ! i i i 3 1 S i i I i 3 1 i ! 3 i I 3 3 I i
S u r f a c e  a r e a 7 . 0 6  x iO*- m e t r e ®
T o t a l  volume On W K 1 0 s5 m e t r e 23
Maximum depth i  i . 5 m etres
Average depth S. 1 m etres
Length 5 5 0 . 0 m etres
Mean b r e a d th 1 2 8 .0 m etres
S h ore l  :i ne 1 5 5 0 .0 m etres
S h o r e l i n e  developement 1 .6 4 5
Volume developement 1 .301
Catchment a r e a 1 . 1 ki 1o m e t r e ®
:l a k a a n d c a r  r  i e s s e a p a g e f  r  o m t  h e s e p t  i c t  a n k o f  t  h a
Un i v e r  s i  t  y Fi  e 1 d St a t  i o n . The w a t e r  i nput i s neg 1 i gi  b 1 e
but  K :i. a r  e r  < 1978) b e !l :i, e v e d i t  t  o b e p o t  a n t  i a 1 s o u r  c e o f
n u t  r  i e n t  s t  o t  h a l a k e .  T h e p r  e s e n t  n u t  r  i e n t  s t  a t  u s o f  t  h e
l a k e  ( F ig s .  14, 15, 16, 17 and 18) i s  v e r y  s i m i l a r  t o  t h a t  
of  K l a r e r ' s  <1978) s tu d y  which was conducted 10 y e a r s  
e a r l i e r ,  i t  i s  t h e r e f o r e ,  concluded t h a t  t h e  n u t r i e n t  i n p u t  
th ro u g h  t h i s  seepage has l i t t l e  e f f e c t  on t h e  l a k e .  D ur ing  
p e r i o d s  o f  heavy r a i n f a l l  many sm al l  r i l l s  a l s o  d r a i n  i n  t o  
t h e  l a k e .  There  i s  o n l y  one o u t f l o w  a t  t h e  n o r t h - w e s t e r n  
s i d e  o f  t h e  l a k e  which d r a i n s  t h e  l a k e  w a te r  d i r e c t l y  in  t o  
Loch Lomond. O ther  m orphom etr ic  d a t a  a r e  p re s e n te d  in  
T a b le  2 .  Accord ing  t o  i t s  n u t r i e n t  s t a t u s ,  i t  i s  
c l a s s i f i e d  as d y s t r o p h i c  t o  o l i g o t r o p h i c . The bottom of  
t h e  l a k e  i s  covered  w i t h  v e r y  f i n e  o r g a n ic  sed iment  of  
about  1m t h i c k n e s s  and t h e  s h a l l o w  p a r t  i s  covered  w i t h  
sandy mud <Walker ,  1 9 7 5 ) .
C H A P T E R " mm" 1* m
E C O L O G Y  OF THE HABITAT
3 . 1 .  I n t r o d u c t i o n  t
The dynamics of  a - f reshw ater  ecosystem can o n ly  be 
u nd ers to od  p r o p e r l y  in  t h e  c o n t e x t  o-f i t s  e n v i ro n m e n t .  
Lakes a r e  o-f te n  c l a s s i f i e d  on t h e  b a s is  o-f t h e i r  p h y s ic a l  
(W h ip p le ,  1 8 9 8 ) ,  chem ica l  (Spence,  1 9 6 7 ) ,  or  b i o l o g i c a l  
<Thienemann, 1925) p r o p e r t i e s . S o la r  r a d i a t i o n  c o n t r o 1s t h e  
t e m p e r a t u r e  o-f t h e  w a t e r ,  and t h e  a v a i l a b i l i t y  o-f l i g h t  
w i t h i n  t h e  v i s i b l e  spectrum which p r o v i d e s  energy  t o  power 
p h o t o s y n t h e s i s .  T e m p e ra tu re  p l a y s  a major  r o l e  in  a q u a t i c  
ecosystems e s p e c i a l l y  in  t e m p e r a t e  r e g i o n s  because of  th e  
th e rm a l  s t r a t i f i c a t i o n  which may occur  th ro u g h o u t  th e  
summer, and t h e  f r e e z i n g  of  t h e  s u r f a c e  of  t h e  whole l a k e  
d u r in g  t h e  w i n t e r .  The g r e a t  seasonal  v a r i a t i o n  of  
t e m p e r a t u r e  and i t s  r e l a t e d  phenomena may be r e g u l a t o r y ,  
i n h i b i t  o r  y a n d 1 e t  h a 1 t  a t h e  l i f e  i n a q u a t  i c e c o s y s t  e m s 
B ry l  i n s k i  and Mann (1973)  r e p o r t e d  p o s i t i v e  c o r r e l a t i o n s  
between t h e  r a t e  of  p h o t o s y n t h e s i s  and such f e a t u r e s  of  t h e  
catchment  as w a te r  c h e m is t r y  and g e o g r a p h ic a l  l o c a t i o n .  
T h e i r  i d e a s  were based on d a t a  c o l l e c t e d  w o r ld w id e  f o r  t h e  
I n t e r n a t i o n a l  B i o l o g i c a l  Programme ( I B P ) .  They concluded
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t h a t  p h y t  o p 1 a n k t  o n bio m a s s i s n o r m ally c 1 o s e '.L y r e 1 a t e d t o 
c hemi c::a 1 f actors ]. i k e  conducti vi ty and phosphorus 
avai1abi1i ty.
3 . 2 .  M a t e r i a l s  and Methods !
3 . 2 . 1 .  G enera l  s
A f t e r  a g e n e r a l  su rv e y  of  t h e  Dubh Lochan d u r in g  
September 1983,  two s t a t i o n s  were s e l e c t e d  f o r  r e g u l a r  
sam pl ing  ( F i g .  1 ) .  S t a t i o n  1 i s  l o c a t e d  a t  t h e  deepest  p a r t  
and i s  r e p r e s e n t a t i v e  of  t h e  r e g i o n  o f  t h e  l a k e  where  
th e rm a l  s t r a t i f i c a t i o n  occurs  th r o u g h o u t  t h e  summer and 
h y p o l i m n e t i c  oxygen d e p l e t i o n  occurs  d u r in g  l a t e  summer., 
S t a t i o n  2 i s  l o c a t e d  a t  about  5m d e p th ,  s t i l l  in  a p r o fu n d a l  
zone ,  where te m p o ra ry  th e rm a l  s t r a t i f i c a t i o n  occurs  
o c c a s i o n a l l y  d u r in g  summer bu t  no oxygen d e p l e t i o n  occurs  in  
t h e  w a te r s  i m m e d ia t e ly  above t h e  s e d im e n t .
3 . 2 . 2 .  P h y s ic a l  n
Water  l e v e l s  were re c o rd e d  e v e r y  morning above an 
a r b i t r a r y  base l i n e .
Water  t e m p e r a t u r e  and d i s s o l v e d  oxygen (p e r c e n ta g e  
s a t u r a t i o n )  were r e c o rd e d  a t  lm i n t e r v a l s  th r o u g h o u t  th e
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w a t e r  c o lu m n  on e a c h  s a m p l in g  d a t e  a t  e a ch  s t a t i o n  u s i n g  a 
lvlao k ei'" e t  h c omb i  n 0 d t  l"'i 0 r  mi s 1 0 r  ox y g 0 r"i m ot 0 r  „ B o t  h t  h 0
th ie r  mi s t e r  and t h e  o x y g e n  p r  o b 0 w e r 0 c a  1 i  b r  a t e d  i  n S e p 1 0 mb0 r  
1983 and  w e re  c h e c k e d  and  r e a d j u s t e d  e v e r y  month., 
Measurements were mad® at t h e  same t im e  of day between 10 
and 11 A . M . ,  t o  m in im is e  the? e f f e c t  o f  d i u r n a l  v a r i a t i o n .
3 . 2 . 3 .  Chem i c a 1 a
Water  samples were c o l l e c t e d  us ing  a 61 c a p a c i t y  Van 
Dorn w a te r  sampler  f rom s u r f a c e ,  1 , 3 , 5  and 10m depth  a t  
s t a t i o n  1 and from s u r f a c e ,  1 , 3  and 5m depth  a t  s t a t i o n  2.  
Samples were c o l l e c t e d  e v e r y  f o r t n i g h t  f rom October  1983 t o  
September 1985 ,  exc e p t  in  January  and F e b ru a r y  when th e y  
were c o l l e c t e d  once a month. I t  was p o s s i b l e  t o  c o l l e c t  
o n ly  one sample under i c e  c o v e r ,  i n  January  1985.  Each 
sample was used f o r  chem ica l  a n a l y s i s  and s t a t i o n  1 samples  
were a l s o  used f o r  b i o l o g i c a l  a n a l y s i s .  Samples were  
c a r r i e d  t o  t h e  l a b o r a t o r y  i m m e d ia te ly  a f t e r  c o l l e c t i o n  in  11 
c a p a c i t y  p o l y t h e n e  b o t t l e s ,  p r e v i o u s l y  r i n s e d  w i t h  sample  
w a t e r .  They were f i l t e r e d  th rough  GF/A paper  t o  remove  
suspended m a t t e r .  Chemical a n a ly s e s  were commenced w i t h i n  
an hour o f  c o l l e c t i o n  t o  m in im ise  changes in  w a te r  q u a l i t y  
due t o  t h e  exposure  of  t h e  samples t o  t h e  atmosphere and 
com pleted  w i t h i n  5 hours .
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1-1 y d r  o g e n :i, o n c o n c e n t  r  a t  i o n s w e r  e m ® a s u r  © d w i t  h a P y 0
Un i c am ( Pye Mod01 292)  pH/  mV m0 1 0 r  » Conduc t  i v i t  y was
measured w i t h  a Jen way <JP PCM :l.) c o n d u c t i v i t y  meter,,
Ammonia (yug NH4   M/1 ) was d e te rm in e d  a c c o r d in g  t o  Zad o ro jn y
e t  a l . , 1973.  A l k a l i n i t y  ( b i c a r b o n a t e )  , n i t r a t e  (j.xg N03  
M/1 )  and s i l i c a t e  ( r e d u c t i o n  of  s i l i c o  m olybdate )  were  
measured a c c o r d in g  t o  M ackere th  ( 1 9 6 3 ) .  O r thop hospha te  (jjg 
P04 -■ P/1 > and t o t a l  d i s s o l v e d  o r g a n ic  carbon were measured  
a c c o r d in g  t o  M ackere th  e t  a l » , ( 1 9 7 8 ) .
3 . 2 . 4 .  B i o l o g i c a l  ( l i t t o r a l  and b e n t h i c  com m uni t ies )  1
At t h e  b e g in n in g  of  t h e  s tu d y  a g e n e r a l  b i o l o g i c a l  
s u rve y  of  t h e  Dubh Lochan was u n d e r ta k e n .  L i t t o r a l  
m acrophytes  were c o l l e c t e d  by hand,  submerged and emegent  
p 1 ant  s in  c 1ud i ng mosses w i t h  a p la n  t  hook, 1 i 11  or  a 1
i n v e r t e b r a t e s  w i t h  a pond n e t  and deep w a te r  benthos w i t h  an 
Eckman g ra b .  A q u a t ic  p l a n t s  were i d e n t i f i ed a c c o r d in g  t o  
Clapham e t  a l . ,  (1962)  ( v a s c u la r  p l a n t s ) ,  Watson (1981)
(mosses and l i v e r w o r t s ) .  Benthos were i d e n t i f i e d  a c c o rd in g  
t o  Macan (1970)  (E p h e m e r o p te r a ) « Hynes (1977)  ( P l e c o p t e r a ) , 
Hammond (1983 )  ( O d o n a t a ) , H i c k i n  (1967)  ( T r i c h o p t e r a ) , Macan 
(1976)  ( H e m i p t e r a ) , B a l fo u r -B r o w n e  (1950)  ( C o l e o p t e r a ) , 
P in d a r  (1978)  ( D i p t e r a )  and Kimmins (1940)  ( M e g a l o p t e r a ) .
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Figure 2. Daily water level fluctuations in Dubh Lochan from 
February, 1984 to January, 1986. Water level was 
recorded in centimetre from an arbitrary datum.
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3 . 3 . 1 .  P h y s ic a l  3
3 . 3 . 1 . 1 .  Water  1 eve'l b
Water  l e v e l s  v a r i e d  -from 60cm above a r b i t r a r y  datum in  
August 1984 t o  145cm in  October  1985 w i t h  a manimum range  of  
85cm ( F i g .  2 ) .  The h i g h e s t  w a te r  l e v e l s  and more - frequent  
• f l u c t u a t i o n s  were g e n e r a l l y  observed  d u r in g  autumn and 
w i n t e r  a l th o u g h  t h e  h i g h e s t  s i n g l e  d a i l y  change <45cm> was 
r e c o r d e d  i n  J u l y  1985.  K l a r e r  (1978)  a l s o  r e p o r t e d  th e  
g r e a t e s t  v a r i a t i o n s  and h i g h e s t  w a te r  l e v e l s  d u r in g  autumn 
and w i n t e r .  A l though t h e  w a te r  l e v e l  d a t a  were not  d i r e c t l y  
u t i l i z e d  in  t h e  s t u d y ,  t h e y  were he lp - fu l  in  d e t e r m in in g  t h e  
e x a c t  depth  o f  p l a c i n g  t h e  ses ton  tu b e s  and c o l l e c t i n g  w a te r  
samples from j u s t  above t h e  sed im en t .
3« 3 . 1 . 2 . Temper a t u r  e a
The lo w e s t  t e m p e r a t u r e  re c o rd e d  a t  s t a t i o n  1 d u r in g  t h e  
w i n t e r ,  1984 was 3 . 7 5 ° C  and t h e  h ig h e s t  was 20°C in  August  
( F i g .  3 ) .  In  1985 i t  v a r i e d  from l .S ^ C  in  January  (under- 
i c e  c o v e r )  t o  18°C i n  e a r l y  J u l y .  Accord ing  t o  t h e  the rm a l  
c l a s s i f i c a t i o n  o f  l a k e s  (H u tc h in s o n ,  1 9 5 7 ) ,  Dubh Lochan i s  a 
monomict ic  l a k e  of  t h e  second o r d e r .  At t h e  s t a r t  of
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Figure 3. Seasonal variations of water temperature at station 1 
from October, 1983 to September, 1985. Isopleths of 
water temperature are expressed in degree Celsius.
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s a m p 1 i n g i n 0  c: t  o b e r  , 1983,  i s o t  h e r  m a 1 c: o n d i t  i o n s p r e v a i 1 e <:l 
a i  9 ‘ C a n cl c o o 1 :i n g c: o n t  i n u e d g r  a d u a 11 y u n t  i II. e a r l y  F e b r  u a r  y , 
w h e n g r  a d u a I h e a t  i n g c a m m e n c e d . I s a t. hi e r  m a 1 c a n d i t  i o n s 
c o n t in u e d  u n t i l .  mid A p r i l  when w a te r  t e m p e r a t u r e  was 6 °C» 
From t h a t  t im e  s u r f a c e  w a te r  t e m p e r a t u r e  i n c r e a s e d  
p r o g r e s s ! v e l y  t o  i 9 ° C  by l a t e  June* C o n d i t i o n s  remained  
i s o t h e r m a l  th rough  t h e  s u r f a c e  3m w a t e r .  Ev ide nce  of  th e rm a l  
s t r a t i f i c a t i o n  was a p p a r e n t  a t  t h e  end of  A p r i l  a t  3 t o  4m 
d e p th .  By l a t e  June t h e  e p i l i m n i o n  had extended down t o  6 m 
d e p th .  From mid June t o  mid J u l y  t h e r e  was a p e r i o d  of  
c o o l i  ng in  t h e  ep i 1 i mn i o n , f  o l 1 owed by a r  i se i n 
t e m p e r a t u r e  t o  20°C th r o u g h o u t  most o f  August .  D u r ing  t h i s  
p e r i o d ,  t h e  m e ta l im n io n  ex tended  from 4.  5m d e p th .  Throughout  
t h i s  t im e  t h e  t e m p e r a t u r e  of  t h e  h y p o l im n io n  s lo w ly  
i n c r e a s e d  t o  a maximum of  10c:)C a t  t h e  end of J u l y .  
Throughout  S e p te m b e r , p r o g r e s s i v e  c o o l i n g  of  t h e  e p i l i m n i o n  
and slow warming of  t h e  h y p o l im n io n  le a d  t o  is o t h e r m a l  
c o n d i t i o n s  a g a in  b e ing  resumed a t  11"C in  mid O c to b e r .  In  
t h e  second sam pl ing  y e a r ,  t h e  i s o t h e r m a l  c o n d i t i o n s  remained  
a t  1 1°C u n t i l  mid November, 1984,  a f t e r  which a r a p i d  
t e m p e r a t u r e  drop o c c u r re d  th rough  t o  t h e  end of  J a n u a ry ,  
when te m p o ra ry  i nv e r s e  s t r  a t  i f  i c a t  i on was d e t e c t e d  under i c e 
c o v e r .  From F e b ru a r y  t o  t h e  end of  June a s lo w ,  more or  
l e s s  c o n t in u o u s  i n c r e a s e  in  s u r f a c e  w a te r  t e m p e r a t u r e  t o  
o c c u r re d  which was f o l l o w e d  by a s low d e c l i n e  t o  13°C 
by t h e  end o f  sam pl ing  in  September.  T em pera tu re  c o n d i t i o n s
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Figure 4. Seasonal variations of water temperature at station 2 
from October, 1983 to September, 1985. Isopleths of 
water temperature are expressed in degree Celsius.
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c e a s e d  t o  be  i s o t h e r m a l  w i t h  d e p t h  a s  e a r l y  as  m id  M a rch  
a 11 h o u g h a d e f  i  ri i  t  e t  h e r  m o c 1 i  n e o n 1 y b e c a roe a p p a r  e n t  f  r  o m 
t h e  end  o-f May,, The m e t a l  i m n i o n  was much l e s s  s h a r p l y  
d e ’f i n e d  t h a n  i n  t h e  p r e v i o u s  y e a r ,  and  was o n l y  a p p a r e n t  
■from t h e  end  o-f May a t  5 t o  6 m d e p t h  u n t i  1 t h ®  end  o-f J u  1 y 
a t  a b o u t  8 t o  9m d e p t h .  The  deep  w a t e r  h e a t i n g  p a t t e r n  was 
m o re  o r  l e s s  s i m i l a r  t o  t h e  p r e v i o u s  y e a r  w i t h  t h e
t e m p e r a t u r e  r i  s i  ng t o  iO^C  b y  l a t e  A u g u s t .
At s t a t i o n  2 ,  s u r f a c e  w a te r  t e m p e r a t u r e s  were s i m i l a r  
t o  th o s e  a t  s t a t i o n  1 in  both t h e  y e a r s  <Fig . 4 ) ,  and
i s o t h e r m a l  c o n d i t i o n s  p r e v a i l e d  th r o u g h o u t  most o f  t h e  t i m e ,  
e xc e p t  f o r  two p e r i o d s  of  te m p o ra ry  s t r a t i f i c a t i o n  in  l a t e  
May and e a r l y  J u l y  1984.
The s h a l lo w  p a r t s  o f  t h e  l a k e  were o c c a s i o n a l l y  f r o z e n  
between mid November and e a r l y  Jan uary  and on occ as ions  
between l a t e  F e b ru a r y  and l a t e  A p r i l .  The s u r f a c e  of  t h e  
whole  l a k e  was f r o z e n  from mid January  t o  mid F e b ru a r y  in
1984.  In  t h e  n ex t  w i n t e r  t h e  s u r f a c e  of  t h e  l a k e  f r o z e  in  
mid November and then  from mid January  t o  l a t e  F e b ru a r y .
I c e  f o r m a t i o n  in  Dubh Lochan was t r a n s i t o r y  < K 1 a r e r , 
1978) and Q o ld s p in k  and S c o t t  <1971) r e p o r t e d  i t  as
i n t e r m i t t e n t . However i t  i s  p r o b a b le  t h a t  wind induced
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Figure 5. Seasonal variations of dissolved oxygen at station 1 
from October, 1983 to September, 1985. Isopleths of 
dissolved oxygen are expressed as percentage 
saturation.
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t. u r b u 1 an c e p r  even t  ed w i n t  e r  s t  r  a t  i -f i c a t  i on ex cep t  un d e r  i e e 
c o v e r «
3 , 3 , 2 ,  Chemical s
3 . 3 . 2 . 1 .  D is s o lv e d  oxygen a
D i s s o lv e d  oxygen showed g r e a t  seasona l  and v e r t i c a l  
d i s t r i b u t i o n  p a t t e r n s .  T h e re  were a l s o  d i - f f e r e n c e s  between  
one y e a r  and a n o t h e r .
In  deep w a te r  a t  s t a t i o n  1 <Fig» 5 ) ,  oxygen s a t u r a t i o n  
ranged -from 813 t o  100*/. th r o u g h o u t  t h e  w a te r  column d u r in g  
t h e  i s o t h e r m a l  p e r i o d  -from October  1983 t o  l a t e  A p r i l  1984,, 
From May, e p i l i m e n t i c  oxygen d e c l i n e d  g r a d u a l l y  th rough  th e  
summer and reached  707. s a t u r a t i o n  by l a t e  J u l y  and August .  
In  t h e  m e ta l im n io n  (4m dep th )  and h y p o l im n io n ,  a p r o g r e s s i v e  
oxygen d e p l e t i o n  o c c u r re d  -from l a t e  A p r i l  th rough  t h e  summer 
and t h e  h y p o l i m n e t i c  oxygen reached 57. s a t u r a t i o n  d u r in g  
l a t e  August .  Oxygen s t r a t i - f i c a t i o n  b roke  down v e r y  q u i c k l y  
d u r in g  l a t e  September t o  e a r l y  October  r e s u l t i n g  in  com ple te  
mi x i ng th ro u g h o u t  t h e  w a te r  column.
From O c to b e r ,  1984 t o  e a r l y  A p r i l ,  198S5, oxygen l e v e l s  
remained more or l e s s  1007. s a t u r a t i o n  th ro u g h o u t  t h e  w ate r  
column and c o n t in u e d  th rough  t h e  e p i l i m n i o n  u n t i l  l a t e  June.
Pag© 20
Figure 6. Seasonal variations of dissolved oxygen at station 2 
from October, 1983 to September, 1985. Isopleths of 
dissolved oxygen are expressed as percentage 
saturation.
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F r  a m J u 1 y t  o S 0 p t  e m b e r  , e p i 1 :L m n 0 1 i c o x y g 0 n w a s a b o u t  8 '3 7, 
s a t u r a t i o n , ,  in  t h e  metal  imnion oxygen s t r a t  i f  i c a t  ;i, on 
s t a r 1 0 d f ram l a t e  M ar<:::h which i s  a month e a r l i e r  than  t h 0 
p r  e v i o u s y e a r  „ 1 n t  h © hi y p o 1 i in n i o n , o x y g e n s a t  u r  a t  i a ri
reached  below d e t e c t a b l e  l e v e l  -from l a t e  J u l y  t o  August*  
T h is  p e r i o d  of  co m p le te  a n o x ic  c o n d i t i o n  had a pro-found 
e-f-fect on t h e  r e l e a s e  o-f n u t r i e n t s  -from t h e  sediment, ,  
Oxygen s t r a t i  f i  c a t i  on broke  down com pa ra t i  v e l y  qui cke r  than  
t h e  p r e v i o u s  yea r  r e s u l t i n g  in  com ple te  m ix ing  th r o u g h o u t  
t h e  w a te r  column d u r in g  l a t e  September.
In  s h a l lo w  w a te r  a t  s t a t i o n  2 ( F i g ,  6 ) ,  t h e  seasonal  
p a t t e r n s  o-f oxygen s a t u r a t i o n  was s i m i l a r  t o  t h e  s u r f a c e  
w a te r  a t  s t a t i o n  i .  In  t h e  bottom w a t e r s ,  s l i g h t  v e r t i c a l  
s t r a t i f i c a t i o n  o c c u r re d  in  l a t e  June t o  J u l y  in  1984 and in  
mid J u l y  t o  mid August in  1985.
The lo w e s t  oxygen s a t u r a t i o n  a t  t h e  bottom was 557. in  
1984 and 657, in  1985.  S t r a t i f i c a t i o n  broke  down q u i c k l y  due 
t o  wind induced t u r b u l a n c e .
D is s o lv e d  oxygen i s  dependant  on therm a l  c o n d i t i o n s
( F ig s .  3 & 4 ) .  The lower  l e v e l s  o-f oxygen in  th e  s u r f a c e
w ate r  d u r in g  t h e  l a t e  summer of  1984 seem t o  be r e l a t e d  t o
t h e  h i g h e r  t e m p e r a t u r e  than  i n  t h e  summer of  1985.  However,  
d u r in g  most o f  t h e  t im e  oxygen l e v e l s  were c l o s e  t o
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s a t u r a i i o n  which i s g e n e r a l l y  ob3erved  in  unproduct  i v e l a k 0 s 
s u c h a 3  D a b h I..,, o e h a n d u e t  o 1 0  w b :i. 0 10  g i c a 1 a c t  i v :i. t  y 
( Mutchl  nson , 1957) „ The r a t e  of  ox ygen d e p l e t i o n  below th e
m e t  a 1 :i. m n :i. 0  n d e p e n d s 0  n t  h e a m 0  u n t  0 f  0  x y g e n p r  e s e n t  i n 
r  e 1 a t  i 0 n 1 0  t h e  amount o-f 0 x i d i 2 e a b le  0 r  gan i c ses 1 0 n suc:h as 
dead p l a n k t o n ,  f a e c e s  and perhaps l i v i n g  p la n k t o n  t a i l i n g  
■f r  om t  h e ep i l l  mn i on met ah 01 i s i n g i t s  r  ese r  ves or  1 i v i n g 
s ap ro b i  o t i c a l 1y <H u t c h in s o n , 1 9 5 7 ) .  The amount of  o rg a n i  c
ses ton  (C hap ter  7„ Beston)  s i n k i n g  in  Dubh Lochan i s
l i m i t e d ,  so a n o x ic  c o n d i t i o n s  a r e  exp ec ted  o n ly  when th e  
e p i l i m n i o n  i s  l a r g e  in  comparison w i t h  t h e  h y p o l im n io n  
d r e s s i e r ,  1 9 3 9 ) .  K l a r e r  (1978)  r e p o r t e d  com ple te  a n o x ia  in  
t h e  h y p o l im n io n  i n  1974 and 1976,  but  not  1975.  In  t h i s  work 
i t  o c c u r re d  in  1985 but  not  1984.  Both 1975 and 1984 were  
y e a r s  in  which i s o t h e r m a l  c o n d i t i o n s  in  t h e  l a k e  p e r s i s t e d  
beyond t h e  second week in  A p r i l ,  whereas in  1976 and 1985,  
e v id e n c e  o f  s t r a t i f i c a t i o n  became a p p a re n t  d u r in g  t h e  f i r s t  
two weeks o f  A p r i l .  The t im e  o f  commencement of
s t r a t i f i c a t i o n  in  t h e  s p r i n g  may be c r i t i c a l  in  d e t e r m in in g
whether  o r  not  com ple te  a n o x ia  d e v e lo p s  in  t h e  hyp o l im n io n  
l a t e r  i n  t h e  summer.
3 . 3 . 2 . 2 .  Hydrogen ion  c o n c e n t r a t i o n  (pH) a
Hydrogen ion  c o n c e n t r a t i o n s  showed d i s t i n c t  seasonal  
and v e r t i c a l  d i s t r i b u t i o n  p a t t e r n s .  I t  ranged from 4 . 0  t o
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Figure 7. Seasonal variations of hydrogen ion concentrations 
(pH) at station 1 from October, 1983 to September,
1985.
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5,, 5 i n  1984 and 4 . 2  t o  5 . 4  i n  198 3 .
At s t a t i o n  1 ( F i g .  7)  pH was a lm ost  u n i fo r m  a t  about  
4 . 2  f  r  om Fetor u a r y , 1984 t  o mi d Apr i 1 ,  o v e r  t  h e p re v  ious
t h r e e  months t h e r e  had been a s low d e c l i n e  t o  t h i s  l e v e l .  
From mid A p r i l  onward t h e  e p i l i m n e t i c  pH in c r e a s e d  g r a d u a l l y  
t o  5 . 2  and was m a in ta in e d  t i l l  t h e  end of  September and then  
d e c l i n e d  g r a d u a l l y  t o  4 . 4  in  December. D u r ing  th e rm a l
s t r a t i f i c a t i o n ,  pH in c r e a s e d  s l i g h t l y  below t h e  t h e r m o c l i n e  
f rom 4 . 4  in  e a r l y  May t o  4 . S  in  l a t e  June.  i t  d e c l i n e d
s h a r p l y  and reached  4 . 4  i n  t h e  h y p o l im n io n  in  J u l y  and then  
i n c r e a s e d  t o  5 . 5  i n  l a t e  August and mid September c o i n c i d i n g  
w i t h  t h e  drop in  oxygen c o n c e n t r a t i o n s  t o  about  5“/. 
s a t u r a t i o n .  In  1985,  t h e  seasonal  p a t t e r n s  o f  pH was v e r y  
d i f f e r e n t  f rom 1984.  I t  in c r e a s e d  g rad u a l  1y from January  
and reached  a w i n t e r  peak of  5 . 4  in  mid F e b ru a r y  under i c e  
c o v e r .  The summer r i s e  in  s u r f a c e  w a te r  s t a r t e d  i n  t h e  same 
way as in  t h e  p r e v i o u s  ye a r  but  was not  m a in ta in e d  and
d e c l i n e d  from l a t e  June t o  e a r l y  September a t  4 . 2 ,  a l e v e l
which i s  r e m i n i s c e n t  o f  w i n t e r  c o n d i t i o n s .  Dur ing  therm a l  
s t r a t i f i c a t i o n  below t h e  t h e r m o c l i n e  pH decreased  from 4 . 8  
i n  l a t e  A p r i l  t o  4 . 4  i n  l a t e  May and t h e  h y p o l i m n e t ic  pH was 
about  4 . 6  up t o  l a t e  J u l y .  In  a n o x ic  c o n d i t i o n  in  t h e  
h y p o l im n io n ,  pH in c r e a s e d  but  t o  a low er  l e v e l  than  in  t h e  
p r e v i o u s  y e a r .
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Figure 8. Seasonal variations of hydrogen ion concentrations 
(pH) at station 2 from October, 1983 to September, 
1985.
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S1 i g h i  v e r  t  :i. c a s  t  r  a t  :i. I  :i. c a t  i o n o f  p H o c c u r  r  e d i n 
sha 11 0 w w ate r  a t  s t  a t  i on 2 < Fi  g . 8) dur  i ng J u 1 y and ea r  1 y
A u g li s t  0  n 1 y i n :L 9 8 4 a n d t  h e s © a s 0  n a 1 p a t 1 0 r  n s w© r  0 5 i m :i. I a r
t o  t h e  s u r f a c e  w a te r  a t  s t a t i o n  1. Hydrogen ion  
c o n c e n t r a t i o n  appear® t o  to® g r e a t l y  i n f l u e n c e d  toy r a i n f a l l , ,  
From January  t o  M arch , 1984,  low pH <4 .2 )  was a s s o c i a t e d
w i t h  h ig h  r a i n f a l l  ( t o t a l  r a i n f a l l  f o r  t h e  p e r io d  
484 .4m m ),  over  t h e  same p e r i o d  of  t im e  in  1985,  h igh  pH
( 5 . 4 )  was a s s o c i a t e d  w i t h  low r a i n f a l l  ( t o t a l  r a i n f a l l  -  
226» 5mm)« A11hough t h e  w i n t e r  pH peak in  1985 co i n c ided  
w i t h  t h e  p e r i o d  of  i c e  c o v e r ,  i t  i s  u n l i k e l y  t o  toe t h e  cause  
because no pH r i s e  was observed  in  t h e  same p e r i o d  d u r in g
t h e  p r e v i o u s  y e a r .  C o n v e rs e ly  f rom J u l y  t o  September,  1984
h igh  pH ( 5 . 2 )  in  t h e  s u r f a c e  w a te r  was» a s s o c i a t e d  w i t h  low 
r a i n f a l l  ( t o t a l  r a i n f a l l  ■ 228.7mm) a t  a t im e  when th e
b i o l o g i c a l  a c t i v i t y  was minimum and low pH over t h e  same 
p e r i o d  in  1985 was a s s o c i a t e d  w i t h  h igh  r a i n f a l l  ( t o t a l  
r a i n f a l l  « 815mm). Problems of  a c id  r a i n  a r e  caus ing
i n c r e a s i n g  c o n cern ,  p a r t i c u l a r l y  in  t h e  H ig h lan d  r e g i o n s  of  
t h e  c o u n t r y ,  such as Loch Lomond ( S c o t t i s h  W i l d l i f e  T r u s t ,  
1985 & E n v i ro n m e n ta l  Resources L t d . ,  1 9 8 3 ) .  Measurements of  
r a i n  w a te r  q u a l i t y  f rom t h e  Dutoh Lochan catchment over  t h e  
pas t  two y e a r s  have y i e l d e d  pH va lue©  between 3 and 3 . 5  
(David  Brown, Per®. Comm.).  These a c id  v a lu e s  may w e l l  
account  f o r  t h e  low pH in  t h e  l a k e  and t h e  s i t u a t i o n  i s  
o b v io u s ly  one which m e r i t s  f u r t h e r  i n v e s t i g a t i o n .
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c a r b 0 n d i 0 Hide*  The r i s e  in  pH i  n t h 0  hyp0 l im n i  0 n d u r i  ng 1 a1 0 
August t o  e a r l y  September in  both t h e  y e a r s  under v e r y  low 
oxygen s a t u r a t i o n  (0 -  5"/.) i n d i c a t e  t h a t  t h e  p ro d u c t  o-f
dec o m p o s i t io n  p roce ss  a r e  no t  -free  carbon d i o x i d e .  
M o r t im e r  <1941 -- 1942) r e c o rd e d  s i m i l a r  d e c re a s e  o-f pH in
E s t h w a i t e  w a te r  in  e a r l y  summer (June)  and a r i s e  d u r in g  
l a t e  summer (September)  in  t h e  h y p o l im n io n  d u r in g  t h e  p e r io d  
o-f low oxygen s a t u r a t i o n s .
K1 a r e r  (1978)  r e p o r t e d  seasonal  p a t t e r n s  o-f pH in  Dubh 
Lochan s i m i l a r  t o  1984 but  h i s  v a l u e s  a r e  on an ave rage  
about  1 u n i t  h ig h e r  th an  in  t h e  p r e s e n t  s tu d y .
At t h i s  s ta g e  i t  i s  not  p o s s i b l e  t o  say whether  t h e  
d e c l i n e  in  pH over  t h e  p a s t  10 y e a r s  i s  r e a l  ( a c i d i - f i c a t i o n  
due t o  r a i n )  or  a s s o c i a t e d  w i t h  t h e  d i f f i c u l t i e s  of  
measuring pH a c c u r a t e l y  in  p o o r l y  b u f f e r e d  w a te r s .
3 . 3 . 2 . 3 .  A l k a l i n i t y  a
In  most n a t u r a l  ecosystem s,  o n ly  some p o r t i o n s  of  th e
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Figure 9. Seasonal variations of alkalinity at station 1 
from October, 1983 to September, 1985. 
Isopleyhs of alkalinity are expressed as 
bicarbonate mg/1.
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b a s 0 s ( c a t  i 0  n &) a r  0 b a 1 a n c 0  d by t h e  a c: i d a n i o n s „ 
A l k a l i n i t y  i s an a p p ro x im a te  me a ears? o*f t h e  amount o-f th e s e  
0 x c e s s b a s e s c o m b i n e d w i t  h c a r  b o n a t  e o r  m o r  0 c o m m o n 1 y 
b i c a r  b o n a t  e . "I" h e i m m e n s e i m p o r  t  a n c e o -f a 1 k a 1 :i. n i t  y 1 i 0 s i n 
i t s  r o l e  in  carbon bu-f-fering system in  n a t u r a l  ecosystems.
As exp ec ted  a l k a l i n i t y  showed c l o s e  c o r r e l a t i o n  w i t h  pH 
in  Dubh Lochan. I t  v a r i e d  -from 0.  020meg/1 t o  0 .0 9 5 m e q / l  in  
1904 and 0 . 030m eq/ I  t o  0 .  065m eq/ I  i n  190S.
At s t a t i o n  1 ( F i g .  9 ) ,  a l k a l i n i t y  l e v e l s  were a lm ost  
uni-form a t  more or  l e s s  0 . 0 2 9 m e q / l  -from O c to b e r ,  1903 t o  
mid J a n u a r y ,  1904 and th en  d e c l i n e d  t o  0 .0 2 0 m e q / l  from l a t e  
January  t o  mid March w i t h  t h e  d e c l i n e  o-f pH ( F i g .  7)., From 
l a t e  March a l k a l i n i t y  i n c r e a s e d  g r a d u a l l y  th ro u g h o u t  th e  
w ate r  column up t o  e a r l y  June. From mid June e p i l i m n e t i c  
a l k a l i n i t y  in c r e a s e d  s l o w l y  t o  0 . OSSmeq/l i n  l a t e  August t o  
e a r l y  September and then  d e c l i n e d  th ro u g h o u t  t h e  w a te r  
column t o  0 .0 3 0 m e q / l  i n  December. H y p o l im n e t ic  a l k a l i n i t y  
in c r e a s e d  s h a r p l y  -from mid J u l y  and reached 0 .0 9 5 m e q / l  in  
l a t e  August t o  e a r l y  September when t h e  oxygen l e v e l  was 
about  57. s a t u r a t i o n  ( F i g .  S) .
In  1905 ,  t h e  seasonal  p a t t e r n s  o-f a l k a l i n i t y  was q u i t e  
d i - f - fe ren t  and t h e  l e v e l s  were c o m p a r a t i v e l y  h ig h e r  than  t h e  
p r e v i o u s  yea r  exc e p t  -for t h e  p e r i o d  -from June t o  September.
Page 26
Figure 10. Seasonal variations of alkalinity at station 2 
from October, 1983 to September, 1985. 
Isopleths of alkalinity are expressed as 
bicarbonate mg/1.
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t o  0 .0 6 0 m e q / l  i n  l a t e  May and then  decreased  s l i g h t l y  i n  
l a t e  June t o  e a r l y  J u l y  and then  reached  0 .0 6 5 m e q / l  in  l a t e  
August t o  e a r l y  September d u r in g  a n o x ic  c o n d i t i o n .  However,  
t h i s  peak was c o m p a r a t i v e l y  s m a l l e r  than  in  t h e  p r e v i o u s  
y e a r .
In  s h a l lo w  w a te r  a t  s t a t i o n  2 ( F i g .  1 0 ) ,  no v e r t i c a l  
s t r a t i - f i c a t i o n  was observed  a l th o u g h  a s l i g h t  tenden cy  was 
n o t i c e d  in  J u l y ,  1984 and l a t e  May t o  e a r l y  June in  1905 
which was i m m e d ia t e ly  broken by wind induced t u r b u l a n c e .  
However,  t h e  seasonal  p a t t e r n s  were s i m i l a r  t o  t h e  s u r f a c e  
w ate r  a t  s t a t i o n  1.
Low a l k a l i n i t y  f rom O c to b e r ,  1983 t o  March, 1984 and 
l a t e  June t o  l a t e  August ,  1985 in  t h e  e p i l i m n i o n  cou ld  be 
r e l a t e d  w i t h  low pH ( F i g .  7) a t t r i b u t e d  by h igh  r a i n f a l l .  
H u tch inson  <1957) r e p o r t e d  t h a t  be low pH 5 f r e e  carbon  
d i o x i d e  and t o  a c e r t a i n  e x t e n t  u n d is s o c ia t e d  c a r b o n ic  a c id  
i n c r e a s e s  and v e r y  l i t t l e  b i c a r b o n a t e  i s  a v a i l a b l e  in  t h e  
w a t e r .  The summer maximum i n  t h e  e p i l i m n i o n  in  1984 and 
s p r in g  maximum in  1985 a r e  r e l a t e d  t o  in c r e a s e d  b i o l o g i c a l  
a c t i v i t y  and a s h i f t  in  c a r b o n a t e  system towards  b i c a r b o n a t e
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< G o 11 e r  m an,  1975) a n d h i g h 0  r  p H u n a f  f  0  c 1 0 d b y low r  a i n f  a 11 
In May 1 0  0 ar  1 y Jun0 , 1985,  thi® :i.n<:::r®ase in  a 1 ka 1 i n i t y  in
thi® bo11om w ate r  s c o r r e 0 p0 ndi ng 1 0 a d ec 1 in® i n phi i a 
p r  o b a b 1 y a r  ® s u 11 o f  a ® r  o b i c d e c o m p o 0 i t  i o n a n d s u b s ® q u ® n t  
r e l e a s e  of  carbon d i o x i d e .  i n c r e a s e  in  h y p o l i m n e t i c  
a 1 k a 1 i n i i  y i n an aerob i c cond i t  i on i nd i c  a t e  t h a t  t h e  prod uc t  
o-f d ec o m p o s i t io n  p rocesses  a r e  not  -free  carbon d i o x i d e .  
I n s t e a d  th e s e  p ro d u c ts  may be any o-f a w ide range  of o r g a n ic  
compounds (G o l te rm a n ,  1975) which would not  have been 
d e t e c t e d  by t h e  p r e s e n t  method. The g e n e s is  of  t h e  in c r e a s e d  
b i c a r b o n a t e  c o n c e r i t r a t io n s  i n  t h e  hypo 1 imnion d u r in g  summer 
s t a g n a t i o n  i s  v e r y  complex (H u tc h in s o n ,  1 9 5 7 ) .  M o r t im er  
<1941 1942) suggested t h a t  t h e  r i s e  of  a l k a l i n i t y  in  th e
h y p o l im n io n  cou ld  be due t o  th e  i n c r e a s e  in  f e r r o u s  i r o n  
(which was not  d e te rm in e d  in  t h e  p r e s e n t  s t u d y ) ,  ammonia and 
p o s s i b l y  t h e  prese nce  o f  f e r r i c  h y d r o x id e  as w e l l .  
A l k a l i n i t y  d a ta  co u ld  not  be compared w i t h  K 1 are r  (1978)  
because he d id  not  p r e s e n t  a l k a l i n i t y  v a l u e s .
3 . 3 . 2 . 4 .  C o n d u c t i v i t y  1
C o n d u c t i v i t y  i s  a complex measure o f  t h e  t o t a l  i o n i c  
s t a t u s  o f  w a te r  and i s  i n f l u e n c e d  both  by b i o l o g i c a l  
a c t i v i t y  and oxygen s t r a t i f i c a t i o n .
Figure 11. Seasonal variations of conductivity at station 1 
from October, 1983 to September, 1985. Isopleths 
of conductivity are expressed in micro Siemens/cm.
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d 0 c 1 i n 0 d s 1 i g h 1 1 y -f r  o m A p r  i 1 t  o e a r  1 y J u 1 y t  h r  o u g h o u t  1 h 0 
w a te r  column t o  a l e v e l  o-f about  90 m ic ro  siemens/cm and 
c o n t  i nued t  h r  ough ou t  t h e  ep i 1 imnion d ur  i ng t h e  wh o 1 e bu mm e r « 
D ur ing  th e rm a l  s t r a t  i -f i c a t  i on , c o n d u c t i v i t y  below  
therm oc l  i n e  in c r e a s e d  g r a d u a l l y  -from mid J u l y  w i t h  
d e c 1 i n i n g oxyg en s a t  u r a t  i  on an d r  eac h ed t o  131 m i c r  o 
siemens/cm in  t h e  h y p o l im n io n  in  August and e a r l y  September  
when t h e  oxygen l e v e l  dropped t o  5% s a t u r a t i o n .  A t t e r  autumn 
o v e r t u r n  and r e i n t r o d u c t i o n  o-f oxygen th ro u g h o u t  t h e  w a te r  
column,  c o n d u c t i v i t y  r e t u r n e d  t o  i t s  p re  -  s t r a t i - f i c a t i o n  
l e v e l  in  O c to b e r .
In 1985 ,  c o n d u c t i v i t y  l e v e l s  were c o m p a r a t i v e l y  lower  
than  t h e  p r e v i o u s  y e a r .  I t  was about  80 m icro  siemens/cm  
•from January  t o  mid June th ro u g h o u t  t h e  w a te r  column.. Dur ing  
th e rm a l  s t r a t i  -fi c a t  ion  c o n d u c t i v i t y  in  th e  e p i l i m n i o n  
d e c l i n e d  s l o w ly  -from 80 m ic ro  s iemens/cm in  June t o  55 m icro  
siemens/cm in  August .  In  th e  h y p o l im n io n ,  i t  in c r e a s e d  
s l i g h t l y  -from l a t e  J u l y  and reached t o  105 m icro  s iemens/cm  
i n  l a t e  August t o  mid September i n  a n o x ic  c o n d i t i o n s .
At s t a t i o n  2 <Fig.  1 2 ) ,  no v e r t i c a l  s t r a t i - f i c a t i o n  in  
c o n d u c t i v i t y  was observed and t h e  seasonal  p a t t e r n s  were
Figure 12. Seasonal variations of conductivity at station 2 
from October, 1983 to September, 1985. Isopleths 
of conductivity are expressed in micro Siemens/cm.
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H i g h e r  v a I la e s o f  c o n d u c t  i v i t  y d u r  i n g w i n t  e r  m o n t  h s 
c o la 1 d b e r  e I a t  e d t  o r  e p r  e s s 0 (“I b i o I a g i e a 1 a c t  i v :i. t  y <ivl o s s „ 
1 9 7 3 ) .  The r i s e  in  c o n d u c t i v i t y  be low t h e  m e ta l im n io n  
c o i n c i d e s  w i t h  h igh  b i c a r b o n a t e  c o n c e n t r a t i o n s .  GoIterm an & 
Kouwe (1980)  r e p o r t e d  t h a t  a s t r o n g  c o r r e l a t i o n  e x i s t s  
between c o n d u c t i v i t y  and b i c a r b o n a t e  a l k a l i n i t y .  However,  
o t h e r  io n s  e . g .  Na, K, Ca, Mg, Fe ,  804 .  Cl e t c . ,  which were  
not  measured in  t h e  p r e s e n t  s tudy  a r e  more i m p o r t a n t  in  
d e t e r m in in g  t h e  c o n d u c t i v i t y .  K l a r e r  <1978) r e p o r t e d  v e r y  
low c o n d u c t i v i t y  <40 t o  70 m ic ro  s iemens/cm) in  Dubh Lochan 
but t h e  seasonal  p a t t e r n s  were s i m i l a r  t o  t h e  p r e s e n t  
s tu d y .  Low c o n d u c t i v i t y  in  t h e  e p i 1 imnion in  1983 cou ld  be 
r e l a t e d  w i t h  low a l k a l i n i t y  and low pH due t o  u n u s u a l l y  h igh  
r a i  n-f a 11 dur i ng t h e  summer.
3 . 3 . 2 . 5 .  I n o r g a n i c  n i t r o g e n  b
The c o n c e n t r a t i o n s  o-f i n o r g a n i c  n i t r o g e n  sources  such 
as n i t r a t e ,  n i t r i t e  and ammonia a r e  g e n e r a l l y  low in  most 
• f re shw ate rs  and s i n c e  t h e y  have g r e a t  b i o l o g i c a l  
s i g n i f i c a n c e  a r e  o f t e n  v e r y  im p o r ta n t  in  d e t e r m in in g  th e  
p r o d u c t i v i t y  of  a g iv e n  community <Reid,  1 9 6 1 ) .  Among t h e s e  
t h r e e  fo rm s ,  n i t r a t e ,  and ammonia were d e te rm in ed  in  th e  
p r e s e n t  s tu d y .  N i t r i t e  i s  n o r m a l ly  p r e s e n t  o n ly  as a
Figure 13. Seasonal variations of nitrate at station 1 from 
October, 1983 to September, 1985. Isopleths of 
nitrate are expressed in pg/1.
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t ra n s i t !  on ar y i on b etween t  he ox i d i z ed and f u 11 y r ed lic ed 
f o r m s . "I" h e r e 1 a t  i v e p r o p o r t  i o n s o f i  h e s e i a n s i n n a t  u r a 1
wa t ®r s are pr i mar i 1y re la ted  to t he oxygen con<:::ent r a t  i on5 » 
High oxygen concentrations favour n i t r a te  and I ow 
c o n c e n t r a t i o n s  favour ammonia <M o r t i m e r ,  1 9 4 1 - 1 9 4 2 ) .
3« 3 .  2« 5 „ 1« Ni t r  a t  e 8
N i t r a t e  c o n c e n t r a t i o n s  showed g r e a t  seasonal  but  no 
n o t i c e a b l e  v e r t i c a l  d i s t r i b u t i o n  p a t t e r n ® .  The c o n c e n t r a t i o n  
v a r i e d  from 20j.ig/1 t o  2 8 0 j . tg / l .
In  deep w a te r  a t  s t a t i o n  1 ( F ig .  1 3 ) ,  t h e  
c o n c e n t r a t i  ons g ra d u a l  l l y  i n c r e a s e d  from 40jig /1  in  O c to b e r ,  
1903 t o  2 8 0 j jg / l  in  l a t e  March and e a r l y  A p r i l ,  1984.  From 
mid A p r i l ,  i t  d e c l i n e d  s h a r p l y  t o  160j. ig/l  in  mid May. From 
t h e n ,  i t  d e c l i n e d  g r a d u a l l y  th rough  t h e  summer and reached  
t o  20pg /1 in  th e  e p i l i m n i o n  and about  60|.tg/l  in  t h e  
h yp o l im n io n  d u r in g  l a t e  August and September.  With  t h e  
autumn o v e r t u r n ,  t h e  c o n c e n t r a t i o n s  d e c l i n e d  t o  about  20j..ig 
/ I  th r o u g h o u t  t h e  w a te r  column and then  in c r e a s e d  t o  about  
40j. ig/ l  in  November and December.
In  1985,  t h e  seasonal  p a t t e r n  was s i m i l a r  t o  t h e  
p r e v i o u s  y e a r .  The h i g h e s t  c o n c e n t r a t i o n ®  reached t o  200pg 
/ I  d u r in g  l a t e  F e b ru a ry  and e a r l y  March. The c o n c e n t r a t i o n s
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Figure 14. Seasonal variations of nitrate at station 2 from 
October, 1983 to September, 1985. Isopleths of 
nitrate are expressed in pg/1.
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th ro u g h o u t  th e  summer were s l i g h t l y  lower  than  in  t h e  
p r  e v i o u s y e a r  b u t  i n t  h e h y p o I i m n :i o n :i. t  w a s b 1 i g h 1 1 y h i g h e r  
t  ha n i n t  h e p r e v  i ou s yea r »
1n sh a11ow w a te r  a t  s t a t i  on 2 ( F i g .  1 4 ) ,  no v e r t i  c a 1 
s t r a t i  f  i c a t i o n  was observed and t h e  seasonal  dx s t r : i  b u t i  on 
p a t t e r n s  were s i m i l a r  t o  t h e  s u r f a c e  w a te r  a t  s t a t i o n  1.
K1 a r e r  (1978)  r e p o r t e d  s i m i l a r  p a t t e r n ®  of  seasona l  
v a r i a t i o n  of  n i t r a t e  in  Dubh Lochan but  h i s  v a l u e s  were  
a lw ays  low er  than  t h e  p r e s e n t  s tudy  (maximum c o n c e n t r a t i  on ■ 
120ptg/l  > .
The h ig h e s t  l e v e l  o-f n i t r a t e  d u r in g  l a t e  w i n t e r  and 
e a r l y  s p r i n g  cou ld  be r e l a t e d  t o  min imal  b i o l o g i c a l  
a c t i i v i t y  (Moss, 1973) and maximum in - f low.  Golterman (1975)  
r e p o r t e d  t h a t  s u r f a c e  r u n o f f  and r a i n f a l l  cou ld  be t h e  
i m p o r ta n t  sources  of  n i t r a t e  in  l a k e s .  The low est  
c o n c e n t r a tx o n s  in  t h e  e p i l i m n i o n  durxng August and 8 eptember  
cou ld  be m a in ly  due t o  a s s i m i l a t i o n  by a l g a e .  (M o r t im e r ,  
1941--42) . U n l i k e  ammonia, n i t r a t e  c o n c e n t r a t i o n s  d id  not  
s h o w n o t  i c e a b 1 e v e r  t  i c a 1 s t  r  a t  i f  i e a t  x o n d u r  i n g t  h e s u m m e r  
s t a g n a t i o n  p e r i o d .  However,  t h e  c o n c e n t r a t i o n s  were  
s l i g h t l y  h ig h e r  in  t h e  hyp o l im n io n  than  t h e  r e s t  of  t h e  
w ate r  column in  Dubh Lochan. Reid  (1961)  r e p o r t e d  t h a t  t h e r e  
:i. s some ev:idence o f  n i t r a t e  s t r a t i  f  i c a t i o n  in  o 1 igo troph i i  c
Figure 15. Seasonal variations of ammonia at station 1 from 
October, 1983 to September, 1985. Isopleths of 
ammonia are expressed in pg/1.
(oi)L| id0 a
1 a k e & w h e r e e p :i. 1 :i. m n 0 1 i c n i t  r  a t e  i s r  0 d u <:: e d to y p h y t  □ p 1 a n k 1 0 n 
and l i t t l e  change occurs  in  deep w a t e r ,  and t h i s  i s  t r u e  in  
t h e  p r e s e n t  study., Most w orkers  ( H u t c h i n s o n , 1 9 5 7 p
M o r t i m e r ,  194:1 42 j S c h i n d l e r  & C o m i ta ,  1972) r e p o r t e d  a
r a p i d  r e d u c t i o n  of  n i t r a t e  in  t h e  h y p o l im n io n  w i t h  th e  
d e p l e t i o n  of  oxygen d u r in g  summer s t a g n a t i o n .  However in  
t h e  p r e s e n t  s t u d y ,  t h e  sm al l  b u i l d  up of  ammonia ( F i g .  15) 
in  t h e  h y p o l im n io n  d u r in g  summer s t a g n a t i o n  in  1984 and th e  
l a r g e  b u i l d  up d u r i n g  t h e  same p e r i o d  in  1985 seem t o  toe 
d e r i v e d  from t h e  sed im ent  r a t h e r  than  from n i t r a t e  
r e d u c t i o n .
3 . 3 . 2 . 5 . 2 .  Ammonia s
Ammonia c o n c e n t r a t i o n s  showed d i s t i n c t  seasonal  and 
v e r t i c a l  d i s t r i b u t i o n  p a t t e r n s .  C o n s id e r a b le  v a r i a t i o n  was 
a l s o  observed between t h e  two y e a r s .
In  deep w a te r  a t  s t a t i o n  1, t h e  c o n c e n t r a t i o n s  remained  
between 5 and 10)..ig/l f rom O c to b e r ,  1903 t o  J a n u a ry ,  1984 in  
t h e  deep p a r t  of  t h e  l a k e  ( F ig .  15)« I t  in c r e a s e d  g r a d u a l l y  
t o  about  40j. ig/ l  d u r in g  l a t e  F e b ru a ry  and e a r l y  March and 
then  d e c l i n e d  s h a r p ly  t o  l e s s  than  5 p g / l  i n  l a t e  March and 
e a r l y  A p r i l .  From mid A p r i l  t o  mid June,  t h e  c o n c e n t r a t i  ons 
i n  t h e  upper  w a te rs  remained between 5 and 10 j jg / l  and then  
d e c l i n e d  t o  u n d e t e c t a b l e  l e v e l  f rom mid June t o  e a r l y
Figure 16. Seasonal variations of ammonia at station 2 from 
October, 1983 to September, 1985. Isopleths of 
ammonia are expressed in pg/1.
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October, .  A f t e r  an i n c r e a s e  t o  about  15j.aq/I in  November, i t  
became u n d © t  e c t a b l e  i n D e <::: e m b e r « h e c o n <::: e n t  r  a t  i o n s i n t  h e 
b a11  om wat e r  s i ncr  e a <;;>ed gr adua 11 y f  r  om mi c:l Apr i 1 and reac  hied 
t o  5 0 p g /1  in  l a t e  Nay t o  e a r l y  June and then  d e c l i n e d  
g r a d u a l l y  t o  Syg/l i n  e a r l y  J u l y .  The c o r ic e r i t r a t io n s  below  
t h e  t h e r m o c l i n e  in c r e a s e d  g r a d u a l l y  “from l a t e  Ju 1 y w i t h  
d e c l i n i n g  oxygen s a t u r a t i o n  and reached  t o  7 5 p g / 1 i n  t h e  
h y p o l im n io n  in  l a t e  August and e a r l y  September.  With  autumn 
o v e r t u r n  and r e i  n t r o d u c t  i on o-f oxygen,  t h e  c o n c e n t r a t i  ons 
d e c l i n e d  t o  i t s  p re  -  s t r a l  i -f i c a t i  on l e v e l  th ro u g h o u t  th e  
w a te r  column.
in 1985,  ammonia c o n c e n t r a t i o n s  remained below  
u n d e t e c t a b l e  l e v e l  th r o u g h o u t  th e  w a te r  column -from January  
t o  A p r i l  and c o n t in u e d  th ro u g h o u t  t h e  e p i l im n i o r i  t o  mid 
J u l y .  From l a t e  J u l y ,  t h e  c o n c e n t r a t i o n s  in  t h e  e p i l i m n i o n  
in c r e a s e d  s l i g h t l y  t o  about  20j.,ig/l i n  l a t e  September.  The 
c o n c e n t r a t i o n s  below t h e  t h e r m o c l i n e  in c r e a s e d  g r a d u a l l y  
•from mid Nay w i t h  d e c l i n i n g  oxygen s a t u r a t i o n  and reached t o  
1 7 0 p g / l  in  t h e  hyp o l im n io n  d u r in g  l a t e  August and e a r l y  
September when t h e  sed iment  s u r f a c e  was c o m p le t e ly  
d e o x y g e n a te d .
in  s h a l lo w  w a te r  a t  s t a t i o n  2 <Fig. 1 6 ) ,  ammonia 
c o n c e n t r a t i o n s  d id  no t  show v e r t i c a l  s t r a t i f i c a t i o n  and th e  
seasonal  p a t t e r n s  were s i m i l a r  t o  t h e  s u r f a c e  w a te rs  a t
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s t a t i o n  A,,
In Dubh Lochan., K l a r e r  <1978) observed 200j. ig/ l  ammonia 
1 n t  h e h y p o 1 :i. m n 1 o n d u r  i n g 1 a t  e A u g u s t  a n d e a r  I y S e p t  e m b e r  
1974 when t h e  oxygen s a t u r a t i o n  was about  5 ”/, and about  
400jag/l  i n  t h e  same p e r io d  in  1975 when t h e  h y p o l im n io n  was 
c o m p l e t e l y  deoxygenated-  S t a r t i n g  -from c o m p a r a t i v e l y  h i g h e r  
c o n c e n t r a t i o n s  o-f ammonia In  1984 than  1985,  a h y p o l i m n e t i c  
i n c r e a s e  s t a r t e d  w i t h  t h e  developement  o-f th e rm a l  
s t r a t i f i c a t i o n  a t  t h e  end o-f A p r i l ,  In  t h e  second y e a r ,  
ammonia was a lm ost  u n d e t e c t a b l e  -for t h e  5 w i n t e r  months, so 
t h e  h y p o l i m n e t i c  i n c r e a s e  was slow t o  g e t  underway.  
However ,  t h e r e  i s  e v id e n c e  t h a t  t h e r e  was no m ix ing  between  
s u r f a c e  w a te r  and th o s e  im m e d ia t e ly  above t h e  sed iment  in  
1985 a f t e r  mid March,  oxygen d e p l e t i o n  in  t h e  hyp o l im n io n  
had lo n g e r  t o  deve lo p  than  in  t h e  p r e v i o u s  y e a r ,  and under  
t h e s e  p r o g r e s s ! v e l y  more r e d u c in g  c o n d i t i o n s ,  ammonia was 
r e l e a s e d  -from t h e  sed iment  t o  a g r e a t e r  deg ree  than  th e  
p r e v i o u s  y e a r ,
M o r t im er  <1941 -1942)  suggested t h a t  t h e  i n c r e a s e  of  
ammonia in  o x i d i s e d  c o n d i t i o n  in  t h e  hyp o l im n io n  d u r in g  
summer s t a g n a t i o n  was p r i m a r i l y  due t o  t h e  r e d u c t i o n  of  
n i t r a t e  and in  reduced c o n d i t i o n  r a p i d  i n c r e a s e  in  ammonia 
would be due t o  t h e  r e l e a s e  from t h e  sed im ent .  In  t h e  
p r e s e n t  s t u d y ,  n i t r a t e  c o n c e n t r a t i o n  <Fig, 13) a l s o
P age 33
:i. n r  e a s e d s 1 i g h 1 I  y i n t  h e h y p o 1 1 m n i a n d u r  i n g s u m m e r  
s Iv. a g n a t  i o n ,, s d :i. t  i s u i”i 1 i k e 1 y t  h a t  t  h 0 i r i c r  0 a s 0 i n a m m o n i a 
d u r  :i. n g 0  a r !l, y «s (..< rn m e r  w a s d u 0  t  o t  h 0  i'“ 0  d u c t  i o n o -f n i t  r  a t. 0
Ammonia i s  t h e  major  e«c r e t  a e r y  p ro d u c t  o-f zoopl  ankton  
and o t h e r  a q u a t i c  a n im a ls  (W inberg ,  1 9 7 1 ) .  The sou rc es  o-f 
t h i s  g ra d u a l  i n c r e a s e  of  ammonia d u r in g  e a r l y  summer cou ld  
be a e r o b ic  d ec om pos i t ion  of  o r g a n ic  m a t te r  and t h e  animal  
e x c r e t i o n ..
A f t e r  t h e  autumn o v e r t u r n ,  ammonia c o n c e n t r a t i o n s  
d e c l i n e d  t o  p r e  -  s t r a t i f i c a t i o n  l e v e l s  th ro u g h o u t  t h e  w a te r  
column. N i t r a t e  c o n c e n t r a t i o n s  a l s o  d id  not  i n c r e a s e  w i th  
t h e  d e c l i n e  of  ammonia. I t  was t h e r e f o r e ,  concluded t h a t  
most o f  t h e  ammonia produced i n  t h e  h y p o l im n io n  d u r in g  
summer s t a g n a t i o n  was a g a in  t ra p p e d  in  t h e  sed iment  
(M o r t im e r ,  1 9 4 1 - 1 9 4 2 ) .
3 . 3 . 2 . 6 . O r thophospha te  8
E c o l o g i c a l l y  phosphorus i s  o f t e n  c o n s id e re d  t h e  most 
c r i t i c a l  s i n g l e  f a c t o r  in  t h e  m ain tanence  of  b io c h e m ic a l  
c y c l e s .  I t  i s  an e s s e n t i a l  e lem ent  in  t h e  energy  t r a n s f e r  
systems o f  t h e  c e l l s .  The de- f icency o f  phosphorus cou ld  le a d
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Figure 17. Seasonal variations of orthophosphate at station 1 
from October, 1983 to September, 1985. Isopleths 
of orthophosphate are expressed in pg/1.
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t  o i n l'"i i b :i. 'I:, i o n o f  p h y t  a p 1 a n k t  o n g i'" o w t  h , r  e s u 11 :i. n g d e c II, i n ® i n 
t  h e p i'" o d u c t  i v i t  y :i, n a q u a t  i <:: e <:: o s y s t  e m s < R e :i. d , 19 61)  „
B ® c a s ® o f  :i, t  s r  e I a t  :i. v ® :i, n s o 1 u b 11 i t  y , i t  i s n a r  m a 11 y
a v a i l a b l e  f rom t h e  env ironm ent  in  v e r y  smal 1 q u a n t i t l e s  
c o m p a r  e d t  o o t  h e r  n u t  r  i e n t  s i n r  © 1 a t  i o n t  o d © m a n d s o o -f t  e n 
1 i m i t i n g » Th© 1 uhury  ixp t a k © of  phosphorus i s  w e l l  documented  
•for p h y to p la n k to n  (Moss, 1982) which can e n a b le  a lga©  t o
grow in  w a te rs  where one would o t h e r w is e  exp e c t  p r o d u c t i o n  
t o  be l i m i t e d  by phosphorus a v a i l a b i l i t y .
O r thophospha te  c o n c e n t r a t i o n s  i n  Dubh Lochan were  
a lw ays  v e r y  low ,  ra n g in g  from u n d e t e c t a b l e  l e v e l  t o  a
max i mum of  4j..tg /1»
In deep w a te r  a t  s t a t i o n  1 <Fig. 1 7 ) ,  t h e  
c o n c e n t r a t i o n s  in  t h e  s u r f a c e  w ate r  was about  0 „ 4 y g / l  and 
s l i g h t l y  lower  in  t h e  bottom w ater  in  O c to b e r ,  1983h I t  
d e c l i n e d  g r a d u a l l y  from November and reached t o  0.  l> ig / l  
d u r in g  January  and F e b r u a r y ,  1984.  The c o n c e n t r a t i o n s  
in c r e a s e d  s l i g h t l y  in  March and reached t o  0 . 4 ) j g / l  in  t h e  
s u r f a c e  w a te r  in  e a r l y  A p r i l .  From mid A p r i l  t o  e a r l y  June,  
t h e  c o n c e n t r a t i o n s  remained a t  about 0 . lj.ig /1  th ro u g h o u t  th e  
w a te r  co lumn» Dur i  ng therm a l  s t r a t  i f  i c a t  i o n , phosphate  
c o n c e n t r a t i  ons i n th e  epi  1 i mni on remai  ned a t  about  0 . ij.ig /1
f rom l a t e  June t o  e a r l y  September,  but  in  t h e  h y p o l im n io n ,
i t  i n c r e a s e d  t o  about  0.6j .. ig/ l f rom mid J u l y  t o  e a r l y  
September.  A f t e r  t h e  autumn o v e r t u r n ,  i t  i n c r e a s e d  t o  about
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Figure 18. Seasonal variations of orthophosphate at station 2 
from October, 1983 to September, 1985. Isopleths 
of orthophosphate are expressed in pg/1.
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0.  g / :i th ro u g h o u t  thie w a te r  co 1 umn f ram  0c t o b e r  t o  ear  I y
December»
I n 1985,  t  h e c o n c e n t  r  a t  i o n s d u r  i n g t  h e w :L n t  e r  w a s 
s l i g h t l y  h ig h e r  than  t h e  p r e v i o u s  y e a r ,  From March t o  May,  
in  t h e  upper  lm w a te r  i t  was about  0 . lj.tg /1  and was below  
d e t e c t a b l e  l e v e l  in  t h e  r e s t  o f  t h e  w a te r  column. D u r ing  
th e rm a l  s t r a t i f i c a t  i o n ,  i t  i n c r e a s e d  s l i g h t l y  i n  t h e  
s p i l i m n i o n  and reached t o  0.4jJig/ l  in  August and September.  
In  t h e  h y p o l im n io n ,  t h e  c o n c e n t r a t i o n s  in c r e a s e d  g r a d u a l l y  
from l a t e  June w i th  d e c l i n i n g  oxygen s a t u r a t i o n  and reached  
t o  4 j.ig /l i n  l a t e  August and e a r l y  September when t h e  
h y p o l im n io n  was c o m p l e t e l y  de o x y g e n a te d . In  s h a l lo w  w a te r  
a t  s t a t i o n  2 < F i g .1 8 > ,  o r th o p h o s p h a te  c o n c e n t r a t i o n s  d id  not  
show v e r t i c a l  s t r a t i f i c a t i o n  and t h e  seasonal  p a t t e r n s  were  
s i m i l a r  t o  t h e  s u r f a c e  w a te rs  a t  s t a t i o n  1 .
K l a r e r  (1978)  r e p o r t e d  c o m p a r a t i v e l y  h ig h e r  
c o n c e n t r a t i o n s  of  o r th o p h o s p h a te  than  t h e  p r e s e n t  s tudy  in  
Dubh Lochan,  ra n g in g  between l e s s  than  lf.ig/1 d u r in g  most of  
t h e  t im e  th ro u g h o u t  t h e  w a te r  column t o  20j. ig/ l  i n  F e b ru a r y .  
He a t t r i b u t e d  t h i s  l a t e r  r e s u l t  t o  c o n ta m in a t io n  by motor  
o i l  th rough  t h e  i n f l o w  w a te r .  However,  low v a lu e s  of  
o r th o p h o s p h a te  s i m i l a r  t o  t h e  p r e s e n t  s tudy  was r e p o r t e d  by 
Maulood & Boney <1980) in  Loch Lomond.
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"I"he s 1 i  g h t  :i. nc r  e a s e  o f  o r  t  h □ ph o s p h a t ®  clur  i  ng a u t  umn a n d 
w i n t  ® r  < :l. 985) c: o u I cl b e r  e l a t e  d t  a r  ® p r  e s is e d ta i a I o g :i, c a I 
a c t  :i. v :i. t  y < lvl o «•> s , 1973) „ I  h e d e c: 1 i  n ® o f  o r  t  l"i o p h o s  p h a t e
th ro u g h o u t  t h e  w a t e r  c o lu m n  i n  s p r i n g  and  i n  t h e  e p i l i m n i o n  
in  t h e  summer <1984) cou ld  be r e l a t e d  w i t h  in c r e a s e d  
b i o l o g i c a l  a c t i v i t y . .  O r thophospha te  i n c r e a s e  i n  t h e  
e p i l i m n i o n  d u r in g  t h e  summer <1985) c o i n c i d e s  w i t h  t h e  
maximum i n f l o w *  D ur ing  therm a l  G r a t i f i c a t i o n ,  t h e  r a p i d  
i n c r e a s e  of  o r th o p h o s p h a te  in  t h e  h y p o l im n io n  was observed  
o n ly  in  1985* The f a c t o r s  i n v o l v e d  in  such i n c r e a s e  a r e  not  
f u l l y  unders tood*  However,  i t  i s  w i d e l y  accepted  ( M o r t im e r ,  
1941 42 $ H u tc h in s o n ,  1957 and R e id ,  1961) t h a t  t h i s
phosphorus i s  r e l e a s e d  from t h e  f l o c c u l e n t  l a y e r  o f  t h e  
sed im ent  by t h e  r e d u c t i o n  o f  an i n s o l u b l e  f e r r i c  phosphorus  
complex t o  s o l u b l e  f e r r o u s  form and t h e  a s s o c ia te d  r e l e a s e  
of  phosphorus occur  when th e  o x i d i z e d  m ic ro -z o n e  d is a p p e a r  
f rom t h e  sed iment  s u r f a c e .  In 1984,  h y p o l i m n e t ic  oxygen  
d e c l i n e d  t o  57. s a t u r a t i o n  ( F ig .  5> and in  1985 h y p o l im n io n  
was c o m p le t e ly  deoxygenated .  The r a p i d  i n c r e a s e  of  
o r th o p h o s p h a te  d u r in g  t h e  t o t a l l y  an o x ic  c o n d i t i o n  o f  t h e  
l a t t e r  yea r  seems t o  be r e a s o n a b le .
3 . 3 . 2 . 7 .  S i l i c a t e  a
S i l i c a t e  c o n c e n t r a t i o n s  showed d i s t i n c t  seasonal  and 
v e r t i c a l  d i s t r i b u t i o n  p a t t e r n s  s i m i l a r  t o  th e  o r th o p h o s p h a te
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Figure 19. Seasonal variations of silicate at station 1 from 
October, 1983 to September, 1985. Isopleths of 
silicate are expressed in mg/1.
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c a n c © n t  r  a 1 i  o n s « I 1 v a r  i © d f  r  o m 1 © s s t  h a n 0 .. 2 5 m g /1  t  o
2 u 5mg/ l  ..
In deep w ate r  a t  s t a t i o n  1 <Fi g . 1 9 ) ,  s i l i c a t e
c o n c e n t r a t i o n s  in c r e a s e d  s h a r p ly  -from 1 .5 m g / l  i n  O c to b e r ,  
1983 t o  2 . 5mg/ l  in  November* From December, t h e  
c o n c e n t r a t i o n s  d e c l i n e d  s h a r p ly  th rough  t h e  w i n t e r  and 
reached t o  1 .5 m g / l  in  e a r l y  A p r i l ,  1984.  From l a t e  A p r i l ,  
t h e  c o n c e n t r a t i o n s  g r a d u a l l y  d e c l i n e d  t o  l e s s  than  0 . 2 5 m g / l  
d u r in g  l a t e  J u l y  t o  e a r l y  September th ro u g h o u t  t h e  w a te r  
column. S l i g h t  v e r t i c a l  s t r a t i f i c a t i o n  was observed -from 
June t o  mid J u l y  and i n  mid September.  A t t e r  autumn 
o v e r t u r n ,  t h e  c o n c e n t r a t i  ons s t a r t e d  t o  i n c r e a s e  -from 
0 . 25mg/ l  i n  mid October  and reached t o  2mg/ l  in  November and 
December»
In  1985,  s i l i c a t e  c o n c e n t r a t i on was a t  t h e  h ig h e s t  
l e v e l  ( 2 « 5 m g / l )  in  January  and F e b ru a r y  and then  d e c l i n e d  
s l i g h t l y  th rough  t h e  s p r in g  and reached t o  i .S m g/1  in  mid 
Nay th ro u g h o u t  t h e  w a te r  column. Dur ing  therm a l  
s t r a t i f i c a t i o n ,  s i l i c a t e  c o n c e n t r a t i o n s  in  t h e  e p i l i m n i o n  
d e c l i n e d  s l i g h t l y  f rom June t o  mid J u l y  and a g a in  in  
September t o  minimum l e v e l  but  t h e  ex trem e d e p l e t i o n
e x p e r ie n c e d  in  th e  p r e v i o u s  year  d id  no t  o cc u r .  In  th e  
h y p o l im n io n ,  t h e  c o n c e n t r a t i o n s  in c r e a s e d  © l i g h t l y  <2mg/ l)  
•from l a t e  June t o  e a r l y  September w i t h  d e c re a s in g  oxygen
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Figure 20. Seasonal variations of silicate at station 2 from 
October, 1983 to September, 1985. Isopleths of 
silicate are expressed in mg/1.
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I n s h a l l o w  w a t e r  a t  s t  a t  i o n 2 (F i g .  2 0) , s i 1 i c a t  e
c o n c e n t r a t ! o n s  d id  not  show v e r t i c a l  s t r a t i f i c a t i o n  and t h e  
seasona l  p a t t e r n s  were s i m i l a r  t o  t h e  s u r f a c e  w a te r s  a t  
s t a t i o n  1 «
K l a r e r  <197B) observed seasona l  p a t t e r n s  of  s i l i c a t e  
i n  Dubh Lochan s i m i l a r  t o  1983 but  h i s  v a lu e s  were low er  
(maximum c o n c e n t r a t i o n s  1 . 2 5 m g / l > than  i n  t h e  p r e s e n t  s tu d y .
The major  sources  of  s i l i c a  in  n a t u r a l  w a te rs  i s  from  
t h e  decomposi 1 1 on of a l u m i n o s i 1 i c a t e  m in e r a ls  in  t h e  
d r  a i n ag e b as in  f  r  om wh i c h t  h e wa t  e r  f  1 ows ( Hut c h in  son , 1957 > . 
The s i l i c a t e  c o n te n t  of t h e  l a k e  as a w ho le ,  i s  e v i d e n t l y  
l a r g e l y  c o n t r o l l e d  by t h e  i n f l o w  of  w a te r  (Yoshimura ,  
1 9 3 0 ) .  In  Dubh Lochan,  t h e  p e r i o d s  of  h igh  c o n c e n t r a t i o n s  o f  
s i l i c a t e  f rom l a t e  autumn t o  mid s p r in g  th ro u g h o u t  t h e  w a te r  
column were a s s o c ia te d  w i t h  h igh  r a i n f a l l  (T a b le  1) which i s  
a l s o  r e f l e c t e d  by t h e  w a te r  l e v e l  measurements ( F ig .  2 ) .
Most w orkers  r e p o r t e d  t h a t  d ia tom  blooms c o n s t i t u t e s  
t h e  most i m p o r ta n t  mechanism by which s i l i c a  i s  removed 
from t h e  l a k e  w a te r s .  The s l i g h t  r e d u c t i o n  of  s i l i c a t e  in  
t h e  e a r l y  s p r in g  in  1984 and l a t e  s p r in g  in  1983 cou ld  be 
r  e 1 a te d  t  o d i a t  om p r  od u c t i o n .  B i l l  c a t e  d ep1e t  i on in  t h e
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Figure 21. Seasonal variations of dissolved organic carbon 
at station 1 from October, 1983 to September, 
1985. Isopleths of dissolved organic carbon 
are expressed in mg C/1.
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0 p i I i mn i on dur i ng t  he 0 ar  I y summ0 r o'f 1904 and t  h0  1 0 w0 s t  
10  v 0 1 t  h r  a u g h a u t  t  h e w a 1 0 r  c 0 1 u m n i n I a 1 0 J u I y 10  0 a r" I y 
September corresponds  t o  a bloom o-f an a l g a l  s p e c ie s  
P i nobryon d i v ergens which i n c o r p o r a t e s  sm al l  amounts o-f 
s i l l c a  i n i t s  1o r i  ca and produc0  s i  1 i c 0 ous r 0 s t i  ng s p o r 0 s . 
Diatom and o th e r  a lg a e  t h a t  u t i l i z e d  s i l i c a  were a v e r y  
m i n o r  c o m p o n e n t  o -f th e  p h y t  o p 1 a n k t  o n in  D u b h Loch a n « 11 i s
p r  ob a b 1e t  ha t  1 i 11  o r a l  a l g a l  c ommun i t  i e s , p a r  t  i c u 1 a r 1 y 
e p i p h y t e s  and some o t  h 0  r  m a c r  ophy t  e s e . g .  Equi s e t  urn s p . , 
were r e s p o n s i b l e .  C o m p a r a t i v e ly  h ig h e r  c o n c e n t r a t i o n s  o-f 
s i l i c a t e  in  t h e  epi  l imn ion d u r in g  t h e  summer o-f 1985 than  
t h e  p r e v i o u s  year  i s  a s s o c ia te d  w i t h  g r e a t e r  in -f low o-f w a te r  
i n  such a wet y e a r .  Hypol i mneti  c i n c r e a s e  o-f s i l i c a t e  d u r in g  
summer s t a g n a t i o n  was p r o b a b ly  due t o  t h e  m i n e r a l i z a t i o n  o-f 
d ia tom  - f r u s t u l e s  and D inobryon spores  sed imented s i n c e  t h e  
p r e v i o u s  s t r a t  i -f i c a t  i on r a t h e r  than  t h e  r e l e a s e  o-f 
c h e m i c a l l y  bound s i l i c a t e  -from th e  sed iment  <Golterman,  
1 9 7 5 ) .
3 . 3 . 2 . B .  D is s o lv e d  o r g a n ic  carbon 8
D is s o lv e d  o rg a n ic  carbon c o n c e n t r a t i o n s  showed d i s t i n c t  
seasonal  d i s t r i b u t i o n  p a t t e r n s  and t h e  v a lu e s  ranged -from 
1 . 9mg/ l  t o  9 . 4mg/ 1 .
In  deep w a te r  a t  s t a t i o n  1 <Fig. 2 1 ) ,  t h e
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Figure 22. Seasonal variations of dissolved organic carbon 
at station 2 from October, 1983 to September, 
1985. Isopleths of dissolved organic carbon 
are expressed in mgc/l.
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c qn c: en t  r  a t  i  on s d ©c 1 i ned g r  adu a  I I  y f  r  om '5mg / 1 i n 0 c t  ob e r  , 
:l 983  t  o a b o u t  3 m g /1  i  n lvl a r  o h , 1 984« F r  o m A p r  i  1 o n w a r  d t  h © 
c: o n <::: e n 1 1'" a t  i o n r  e m a :i. n © d v © r  y lo w  r  a n g i  n g f  r  o m 1. 9 m g /1  t  a 
4 m g /1 «  D u r  i n g © p r i  n g a n d s i..i m © r  , t  h e c o n <::: © n t  r  a t  i o n s w « r  e 
s l i g h t l y  lower  in  t h e  upper w a te rs  than  t h e  bottom w a te r s .  
A f t e r  t h e  autumn o v e r t u r n ,  d is s o l v e d  carbon c o n c e n t r a t i o n s  
i n c r e a s e d  r a p i d l y  and reached t o  about  6 mg/l  in  l a t e
October  t o  e a r l y  December.
in 1985,  t h e  c o n c e n t r a t i o n s  were h i g h e r  than  1984.  They 
d e c l i n e d  g r a d u a l l y  f rom 5mg/ l  in  F e b ru a ry  t o  3mg/ l  d u r in g
mid May and mid June. From e a r l y  J u l y ,  t h e  c o n c e n t r a t i o n s  
i n c r e a s e d  r a p i d l y  from 3mg/ l  t o  9 . 4mg/ l  i n  September.
In s h a l lo w  w a te r  a t  s t a t i o n  2 <Fig« 2 2 ) ,  no v e r t i c a l
s t r a t i f i c a t i o n  of  d is s o l v e d  carbon was observed and t h e
seasonal  p a t t e r n s  were s i m i l a r  t o  s t a t i o n  1 .
D is s o lv e d  o rg a n ic  carbon in  l a k e  w a te r  i s  d e r i v e d  from  
both autochthonous and a l 1ochthonous sources .  Almost  
c e r t a i n l y  h igh  i n f l o w  -  r a p i d  r u n o f f  in c l u d e s  much of  
humic substances  from pea t  l a y e r s  up on t h e  moorlands in  th e  
upper re ac h es  of  th e  ca tchm ent .  The h ig h e s t  c o n c e n t r a t i o n s  
of o r g a n ic  carbon in  t h e  summer of 1985 cou ld  be r e l a t e d  
w i t h  t  h e maxi mum i n f lo w  of  w a te r  c a r  r  y i  ng a l l o c  h t  h on ous 
o r g a n ic  m a t te r  f rom t h e  s u r ro u n d in g  a r e a .  High
Page 43
c o i") c e n t  r  a t  i  o n s d u r  :i n g a u t  u ft) n a n d w :i, n t  e r  c o u 1 d b e r  e 1 a t e  d 
w i t  h d e c 1 :i. n i n g p h y t  o p 1 a n k t  o n p o p u 1 a t  i  o n s i  n a u t  u m n a n d 1 o w 
p o p u l a t i o n  i n  w i n t e r  a t  a t i m e  o f  h i g h  i n f l o w  i n  t o  t h e  
1 a k e .. A11 h o u g h t  h e w a t  e r  c o I o u r  w a & n a t  m e a s u r  e d d u r  i  n g t  h e 
p r e s e n t  s t u d y , i t  was n o t i c e d  t h a t  d u r in g  t h e  per iocls  of  
high  carbon c o n c e n t r a t i o n s  th e  w a te r  c o lo u r  became brown,, 
The d e c l i n i n g  carbon c o n c e n t r a t i o n s  th ro u g h o u t  t h e  s p r in g  
c o i n c i d e s  w i t h  s p r in g  p h y to p la n k to n  bloom and t h e  lo w e s t  
c o n c e n t r a t i o n s  in  t h e  summer of  1984 i s  a s s o c ia te d  w i t h  t h e  
mawimum p h y to p la n k to n  p r o d u c t io n  a t  a t im e  when th e  
a l lo c h t h o n o u s  i nput was mini m a l . 8 1 i g h t 1y 1ower
c o n c e n t r a t i o n s  in  t h e  upper w a te rs  d u r in g  s p r in g  and summer
of  1984 cou ld  be r e l a t e d  w i t h  t h e  up ta k e  of  o r g a n ic  carbon
by p h y t o p l a n k t o n . Dur i ng therm al  s t r a t i  f  i c a t i  on and 
h y p o l i m n e t ic  a n o x ia ,  no n o t i c e a b l e  v e r t i c a l  v a r i a t i o n  of  
d is s o l v e d  o r g a n ic  carbon was observed .  B i r g e  & Juday CL934)
r e p o r t e d  t h a t  th e  g r e a t  changes of  d i s s o l v e d  oxygen c o n te n t
in  t h e  hyp o l im n io n  have l i t t l e  e f f e c t  on t h e  t o t a l  d is s o l v e d  
o r  g a n i c c a r  b o n i n t  hi e l a k e .
3 . 3 . 3 .  B i o l o g i c a l  s
Dur ing  t h e  s p r in g  and e a r l y  summer, t h e  l i t t o r a l  sone 
of  Dubh Lochan d ev e lo p s  dense beds o f  both submerged and 
emergent  v e g e t a t i o n .  As t h e  l i t t o r a l  v e g e t a t i o n  and t h e  
1 i 11  or  a 1 b en t h  os p l a y  i mp o r t  an t  r o l e s  in  b o th  nut  r  i en t  an d
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T a b 1 e 3,, S p e c: i  e s c: o m p a s i  t  i o n o f  a q u a t  :i. c v e g e t  a t  i  o n :L n 
Dubh L o c h a n ,,
E<ryophyta s
Gal 3. i e rgon cuspi  datum <Hedw.> Kindb.
* F o n t i  rial i s a n t i  pyr e t i  ca Hedw.
R acom it r ium  ac i c u l a r e  <Hedw.> B r i d .
*S£hag,nurn cusp i datum E h rh . ex . Hof f  m. emend. 
* S .  r e c u rvum P« Beauv (8 . in te rm ed ium  a u c t . > 
* S . subsecundum Nees
P t  e r  i d o p h y t  a s
Monocoty ledones s
Carex c u r t a  Good 
C. demi ssa Hornem 
C. ec h i n a t a  Murr .
C. pani cea L.
C r  o s t. r  a t  a 81 o k e s 
C. v e s i c a r i a  I...
E r :i. o p h o r u m a ri g u t  i f . o 1_ j j  j m H o n c k 
*• E g u i s e t  u f  1 u v i a t  i I e L
J u ii<:: u s a c u t  i f  1 o r  u s H o f  ■{'• m,,
J-  b u l b o s 4 s L .
J . e f  f  usus L .
Mar t h e e  :i urn o s s i  f ra g u m  <L. > Hud s .
P h a1a r i s a r u n d i n a c e a  L .
* P h r a q m l t e e  a u s t r a l i s  < C a v . > T r i n .  ex S tu e d  
* F o ta m o g e to n  n a t a n s  L»
♦ P ■ po l  y q o n i  f o l  i u s  P o u r r .
D i c: o t  y 1 e d o n e s s
s t a g n a l  i s  Scop.
C h r y s o s p 1enium o p pos i  t i  f  o l i  um L «
0.1® h ex a ndr  a ( L a p i e r r e )  DG.
G a l iu m  u l i qlnosum L.
H ippur i_s  v u l  g a r i  s L .
L i  t t o r e l  1 a u n i f l o r a  < L . ) A s c h e r s .
*  Lob e l  :i. a d a r t  manna L«
Meny a n t  h e s t r 1 f o i l  a t a  L .
* Myr i op h y 11 um a 1t e r n i  f 1orum DC»
•x-Nupl"iar 1 u t  ea < L.. > Sm. 
x-Nymphaea a l b a  
Polygonum h y d r op i p e r  L.
•* Common
T a b 1 e 4,, 8 p e c i e s <:: o m p o is :i, t  i a n o f  z o o b e n t  h o s i  n D u b h
Ephemeroptera  a
•x-L e p t o p h l  e b i a  marg i  n a t a  L.
•xL „ v e s p e r t i  na L.
PI  e c o p t e r a  a
■X'N e m o u r  a c i n e r e a  Retz:Lus.
* Pg r  1a b : l p u n c t a t a  <P i c t e t > K1 a p .
GcJonata a
♦ C o r d u l e g a s t e r  b o l t o n i i  Don» 
C o rd u l  i a a enea  L 
E n a l I agma c y a t h i g e r u m  C h a rp .  
I s c h n u r a  e l e g  ana Vand er  L i n d e n .  
Pyrrhosom a nymphula  S u l z e r
M e g a 1 o p t e r a  s 
■X' 9 i  a I i  s  I u  t  a r  :i. a l..„ „
Trie: hop t e r  a a 
B e ra e id a e
Cyrnus f l a v i d u s  MeLachi an 
♦ Ho 1 qce n tro p e s  marmoratus C u r t i s  
♦ L im n e p h i1 us s p „
P h ry g an e id ae  
P o ly c e n tro p u B  sp.
H e m ip te ra  a
♦ C a l i  c o r I x a  p r a e u s ta  F ieb  
p u n c ta ta  111 i g . 
♦ Notonec t a  g la u c a  L.
♦ S i g a r a  d i s t i n e t a  F ieb  
S. f a ,11 erii F ieb  
9.  -fossarum Leach 
9.  Bc o t t i  D» & S.
C o le o p te ra  »
congener Thun.
Cop ell. a t  us a g i l  i s  Fab,,
■X' D y ■» t  :i. c u s m a r  g i n a 3, i s L » 
Gyr :i. dae
D i p t e r a  s
♦ ChaoboruB f  1 a v ic a n s  Meigen. 
♦ Chi ronomuB p I umosus L.
*  Common.
p :i a n k t  o n d y n a m 1 c s o -f -f r  e s h w a t  e r  0 e o s y s 10 m s , a g 0 n 0 r  a I 
b:i. o 1 og:i. ca 1 survey  o-f t h 0 ■{'• 1 a r a  ar'id -f auna was c o n d u c te d . Th0 
s I") 0 c i 0 s c o m p o s i t  i 0 n o -f a q u a t  i c v 0 g 01 a t  i o n i a p r  0 s 0 n 10 d i n 
T a b le  3 and t h e  zdobentho s in  Tab 1 e 4» “I"he most common 1 y 
o c c u r in g  s p e c ie s  a r e  marked w i th  a s t e r i s k s .
The f o l l o w i n g  4 s p e c ie s  o-f - f ish a r e  p r e s e n t  in  Dubh 
Lochan,  Esom 1u c iu s  L « , G a s te r o s te u s  a c u i e a t u s  L > , A n g u l11 a 
angui 11 a L» , and Perea  -f 1 u v i a t  11 i s  L.  ( K l a r a r ,  1978) .
The members o-f z o o p la n k to n  community a r e  dominated by 
Copepods, C lado cerans  and R o t i - f e r s  <see c h a p te r  5) .
Zooplankton  and some members o-f zoobenthos a r e  t h e  main 
consumers o-f p h y to p la n k to n .  The - f is h ,  Chironomid l a r v a e  and 
some o t h e r  D i p t e r a n  l a r v a e  a r e  t h e  major  p r e d a t o r s  o-f 
z o o p la n k t o n .
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4.  I I n t r o d u c t i o n  »
P h y to p la n k to n  p l a y  a v e r y  im p o r ta n t  r o l e  in  t h e  
p r o d u c t io n  process* in  a q u a t i c  ecosystems p a r t i c u l a r l y  l e n t i c  
ones. I t  converts* s o l a r  energy  i n t o  chemica l  energy  by t h e  
process  o-f p h o t o s y n t h e s i s .  T h is  energy  i s  t h e  major  source
o-f -food t o  t h e  consumers in  t h e  ecosystem. P h y t o p l ankton i s
a l s o  i m p o r ta n t  in  d e t r i t u s  - formation (Moss, .1,982) which in  
t u r n  i s  an i m p o r ta n t  source  o-f -food -for a wide range  o-f
d e t  r  i t  i v o r  e o r  g a n i s m s . T h e p r  o d u c t  i o n o -f o r  g a n i s m s i n t  h e
secondary  and t e r t i a r y  l e v e l s  o-f t h e  two main pathways o-f 
energ y  -flow i s  t h e r  e- fore ,  d i r e c t l y  reelated w i t h  t h e  
p r o d u c t io n  o-f phy top l  a n k to n . Su ccess fu l  growth o-f 
ph y t  op 1 ank t  on may c au se nu t  r  i en t  d e p l e t i o n i n t  he
e n v i r  o n m e n t  a n d a -f t  e r  t  h e i r  d e a t  h and d e c o m p o s i t  i o n
n u t r i e n t s  may be r e t u r n e d  t o  th e  system. The dea th  and 
d ec om pos i t ion  o-f green and b l u e - g r e e n  a lg a e  may under  
c e r t a i n  c i rc u m s ta n c e s  cause a s e r i o u s  problem by r e l e a s i n g  
t o x i c  substances  p a r t i c u l a r l y  a f t e r  bloom f o r m a t i o n .  Proper  
knowledge of  p h y to p la n k to n  i s  t h e r e f o r e ,  e s s e n t i a l  in  
u n d e r s ta n d in g  t h e  energy  t r a n s f e r  p rocess  i n  a q u a t i c  
ecosystems.
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4. 2 . Ivl a t e  r  :i. a 1 s M e t  h ode s
4 . 2 . 1 .  P h y to p la n k t  on s
Water samples -for phy to p l  ankton enu m e ra t io n  were  
c o l l e c t e d  between J a n u a ry ,  1984 and December, 1985 e v e ry  
■ fo r tn ig h t  a t  s t a t i o n  1 -from s u r f a c e ,  im, 3m, 5m and 10m 
d e p th s .  On r e t u r n i n g  t o  th e  l a b o r a t o r y ,  t h e  samples were  
poured im m e d ia te ly  in  t o  1 l i t r e  measuring c y l i n d e r s  and 
p r e s e r v e d  w i t h  10ml L u g o l ' s  i o d i n e  s o l u t i o n .  A f t e r  about  24 
h o u rs ,  when t h e  p l a n k t o n  was w e l l  sedi  merited, th e  
s u p e r n a t a n t  was siphoned v e r y  c a r e f u l l y  down t o  about  10ml 
w i t h  f i n e  T e f l o n  tu b e s .  The samples were then  made up t o
2 5 m 1 w i t  h d i s t  i 11 e d w a t  e r  , t  r  a n s f  e r  r  e d t  o 2 5 m 1 c a p a c i t  y 
c o u n t in g  chambers and sedimented a ga in  f o r  a t  l e a s t  24 
hours .  P h y to p la n k to n  were counted w i t h  an i n v e r t e d  
m i c r  o s c o p © a t  2  o o x m a g n i f ie s  t i o  n u s in g  m icro  -■•• t  r  a n s e c t  
t e e  h n i que < Marga1e f , 1969)« T a d e t  e rm ine  th e  numb©r  of
t r a n s e c t s  r e q u i r e d  f o r  a r e p r e s e n t a t i o n , 10  mic r o - t r a n s e c t s  
wer e cou n t ed a e r o ss t h e  c o u n t i  ng c hamber and t h e  accumu1 a ted  
n u m b e r  o f  s p e c i e s w e r  e p 1 o 11  e d a g a i n s t  t  h e n u m b e r  o f  
t r a n s e c t s .  I t  was found t h a t  3 t r a n s e c t s  were enough t o  
r e p r e s e n t  more than  907. of t h e  s p e c ie s .  Counts o f  3 
t r a n s e c t s  w ere ,  t h e r e f o r e ,  used in  r o u t i n e  p h y to p la n k to n  
en umera t i on « D u ri ng th e  p e r  i od o f ex p on en t  i a 1 g r  owt h o f
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<:: e r  t  a :i. r"i sp e <:: :i, e s , w h :i. c h m o s t  ]. y 0 c c u r  r  e d b e t wee I"! A p r  :i, 1 a n d 
A u g u s t , :i. t  was of 1en :i, mpass:i. b I e t  o aun t  even 0 ne <:::omp 1 e t  e 
t  r  a n s e 0 1 u n d e r  2 0 0 ;■! m a g n i f  :i c a t  i 0 n ,
For ouch s p e c ie s ,  t h e  i n d i v i d u a l s  in  5 m icroscope  
•f i e 1 d s w e r  e c o u n t  e d s ® p a r a t  e l  y a t  400x m a g n i f  i c a t  i o n „ “I" h e
number o f  f i e l d s  r e q u i r e d  t o  count  f o r  a r e p r e s e n t a t i v e  
sub-sam ple  was de te rm in ed  f o l l o w i n g  t h e  same t e c h n iq u e  
d e s c r ib e d  above.  The m icro  -  t r a n s e c t  method was f o l l o w e d  
f o r  t h e  enum era t ion  of t h e  r e s t  o f  t h e  s p e c ie s  in  t h e  same 
sample.  Counts were m u l t i p l i e d  by a f a c t o r  t o  c o n v e r t  th e  
r e s u l t s  t o  numbers of  i n d i v i d u a l s  per  l i t r e .
The p h y to p la n k to n  were i d e n t i f i e d  acc o rd in g  t o  Barber  & 
Howorth <1901 )5 B o u r r e l l y  <1960, 1970,  197 2 )5 C l e v e - E u l e r
< 1 9 5 1 - 1 9 5 5 ) s L ind  & Brook <1900)5 Pascher <1930)5  
P r e s c o t t  <1962, 1964)5 Ward & W hipp le  <1959) and West fo
West <1904 1 9 2 3 ) .  The p h y to p la n k to n  i d e n t i f i c a t i o n s  were
norma11y checked by D r . R. T i p p e t t .
4 . 2 .  2.. Pr i mar y pr oduct  i on n
P r im a ry  p r o d u c t io n  r a t e s  were d e te rm in ed  e v e ry  
f o r t n i g h t  between J a n u a ry ,  1904 and December, 1905 us ing  
Carbon ^  t r a c e r  t e c h n iq u e  <Vol1e n w e i d e r , 1 9 6 9 ) .  Water
samples were c o l l e c t e d  a t  s t a t i o n  1 f rom s u r f a c e ,  Im, 3m, 5m
and :1,0m depths,,  The samples were poured in  123mI c a p a c i t y  
I i g h t  a n d d a r  k b o 1 1 1 e s „ D u p 1 i e a t e  s e t  s o f  1 i g hi t  a n d d a r  k 
b o 1 1 1 e s w e r  e a 1 w a y <•;> u s e d f  o r- e a c h d e p 11") „ 0 - 3 m I r  a d i o a c t  i v e
s o 1 u t  i o n c o n t  a i n :i, n g a p p r  o x i ftn a t  e 1 y 0,, 3 ju c i C a r  b o n 1 ( IM a hi C1 ^
03) was i n j e c t e d  i n t o  each b o t t l e  us ing  a F i n n p i p e t t e
<200 100Qm ^  " The d u p l i c a t e  s e t s  of  1 i ght  and dar  k bo111 es
were in c u b a te d  in  s i t u  f o r  e x a c t l y  4 hours .  Dark b o t t l e s  
were used t o  compensate f o r  any dark  up ta k e  of  Carbon 1^  
( S t r i c k l a n d  & Pearsons ,  1972 ) -  A f t e r  t h e  i n c u b a t i o n  p e r i o d ,  
t h e  samples were c a r r i e d  t o  th e  l a b o r a t o r y  in  a l i g h t  p ro o f  
wooden box t o  p re v e n t  f u r t h e r  carbon f i x a t i o n .  To t r a p  t h e  
l a b e l l e d  a l g a e ,  30ml sub-samples  from each b a t t l e  was taken  
f o r  f i l t r a t i o n  t o  m in im ise  c e l l  b reakage  d u r in g  vacuum 
■f i 111'" a t  i o n a s s u g g e s t  e d b y A r  t  h u r  & R i g 1 e r  < 1967) ,, T h e
sub-• samp 1 es wer e f  i 11 er  ed t  hr ough MA < 0.  43j.tm) m i 11 i por e
membr ane f  i 11 er  s us i  ng a vacuum pump ,, The f  i 1 1 er  paper  s 
c o n t a i n i n g  thie samp 1 es were p 1 aced in  1 abe 11 ed v i a l s  and 
di  sso l  ved i n 13ml Uni sol  ve 1 1 i q u i d  sc i  n t i  11 a t i o n  f  1 u i d ,. 
The speci  f  i c a c t i  v i  t y  of th e  f  i xed Carbon J- ^ i n thie samp 1 es 
were d e te rm in ed  us ing  an i n t e r n a l  s tan d a rd  method on a
1 i q u i d s c i ri t  i l l  a t  i o n c o u n t  e r  . V i a l  s f  o r  o r  i g i n a 1 a c t  i v i t  y
and f o r  background were a ls o  counted,, G re a t  c a r e  was a lways  
taken  d u r in g  t h e  c o l l e c t i o n ,  i n c u b a t i o n  and f i l t r a t i o n  of  
t h e  samples t o  th e  l i g h t .  The p ro c e s s in g  was a l s o  done as 
q u i c k l y  as p o s s i b l e  and never  took lo n g e r  than 3 hours-  From 
r e a d in g s  a t  th e  3 d e p th s ,  a p r o d u c t io n  p r o f i l e  f o r  t h e  w ate r
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•spin a n a l y s i s  u f  v a r i a n c e  c o u l d  bo c a l c u l a t e d ,  h o w e v e r ,  
Romo ( 1 9 8 7 ) ,  ( M S c  „ T h e s i s ,  U n i v .  G la sg o w )  c o n d u c t e d  s i m i l a r
e x p e r i m e n t  i n  l a k e  Rusky  d u r i n g  t h e  same p e r i o d  u s i n g  same  
f a c i l i t i e s ,  t e c h n i q u e  and e q u ip m e n t  and r e p o r t e d  4 8 “/. e r r o r  
i n  t h e  w h o l e  method..  A s i m i l a r  l e v e l  o-f e r r o r  i s  a l s o  
e x p e c t e d  i n  t h e  p r e s e n t  s tu dy . .
e o I u m n w a s a to t  a :i, n 0 d ,, th e  v a 1 u e s :i. n 10 g r  a 1 0 d a n d r  0 b u 11 b a r  0 
expressed  in  terms o-f energy  -f ixed per  square  m etre  l a k e  
sur- faee per  month.
Car to on 1 *  a va i 1 ab 1 e -f or  p h o t  osy n t  h es i s  was c a I c u i a t  ed 
•from a l k a l i n i t y  and pH v a lu e s  a t  t h e  a p p r o p r i a t e  depth  
<Maekereth ,  1 9 6 3 ) .  The c a l c u l a t i o n s  were made w i t h  a 
computer  us ing  a programme deve 1 oped toy Mr „ T » B1 adon
The d is a d v a n ta g e  o-f Carbon 1 * method i s  t h a t  i t  can not  
d i  -f-f e r e n t i  a t e  n e t  and gross p h o to s y n t h e s is .  Dur ing  
r e s p i r a t i o n  p h y to p la n k to n  produce carbon d i o x i d e  and some o-f 
t h i s  r e s p i r a t o r y  carbon d i o x i d e  i s  i n t e r n a l l y  r e c y c l e d  -for 
use in  p h o to s y n t h e s is  d u r in g  th e  p ro g re s s  o-f t h e  e x p e r im e n t .  
The method t h e r e - fo r e ,  measures a q u a n t i  t y  somewhere toetween 
n e t  and gross p h o to s y n t h e s is  and t h e  problem i s  t h a t  t h i s  
p o i n t  i s  not  - f ixed.  The r e a l  advantage  o-f th e  method i s  i t s  
s e n s i t  i v i t  y .. T h e m e t  h o d i s p a r  t  i c u 1 a r  1 y s u i t  a b l e  i n s u c h 
h a b i t a t s  as Dutoh Lochan where p h to p la n k to n  p a p u l a t i o n s  a r e  
v e r y  s p a rs e  e s p e c i a l l y  d u r in g  w i n t e r  m o n t h s . '^ s e e  o p p o s i t e . "
4 . 3 .  R e s u l t s  and D is c u s s io n  #
4 . 3 . 1 .  Sp ec ies  c om po s i t ion  n
A t o t a l  o-f 158 s p e c ie s  and v a r i e t i e s  o-f p h y to p la n k to n
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"I"ab l e  5.. Sp e  c i e s  c:amposi t  :i. on and a b u n d a n c e  o-f phy  t  op l a n k  i 
i n  Dubh Lochan. .
Number Abundance S p ec ies
Phylum s C h lo r o p h y ta  
C lass  s Ch iorophyceae
1 + Ankis trodesm us - fa lc a tu s  (Corda)  Ral- fs .
2 + Arthrodesmus bi-f id u s  Breb.  v a r .
1 a t i d i v e r g e n s .
3 + A_»_ incus  ( B r e b . )  Hass. v a r .  minor
4 + A»_ t r i  a n g u l a r i s  L a g e r h « v a r .
s u b t r i  a n g u la r  i s
5  + Bambusi na b r e b l s s o n i  K u t z «
6 C Botryococcug b rau n l  1 K u t z ..
7 -t- Chiamydomonas d i n o b r y o n i i  0 .  Ii« S m ith
0 + C._ g lo b o s a  Snow
9 R C h i o r e l 1 a e l  1i p s o i d e a  Gerneck
10 + * C 1 adophora - f ra c ta  v a r .  l a c u s t r i s
( K u t z . )  Brand
11 + C lo s t e r iu m  didyrootocum Corda
ion
C«i_ g r a c  :i, I e B r e b ..
C m b t  r  i a  1 a t  u m E h r  „
C»_. tioxori West  
* eoc:b a e t  0 1 r r e gul_ar  i  s P r  i  n g s h e l m  
* 9 ."... o r b l c u l  a r i  a Pr i ngshei m 
Cosmari um amoenum Breb.
C. con trac tum  (El t v . )  West & West 
v a r . e l  1 i psoideum 
C. c ran  a t  um Ral- fs .
C. d e n t i  farum Corda  
Gu mar g a r  i t:L -f erum lien eg h .
C. subturn!dum N o rd a t .
C „ t:i ntum Ral-fs.
Cosmocladium saxoni  cum DeBary 
* Cruc i  geni  a guadr a t  a l ior r  e n .
C, t e t r a p e d ! a  ( K i r c h )  West & West 
*  D a c ty l  oc oc c us in-f us i  onum N a e g e 1 i 
Di c ty o s p h a e r  :i um p u lc h a l  lum Wood 
Euastrum b ld e n ta tu m  Nag.
E. crassum (B r e b . )  Kuts .
E. den t icu ' la tum  (K i r c h n .  ) Cay 
E. pu l c h a l lu m  Breb .
G lo e o c y s t i s  p i a n c t o n i c a  (West & West)
Lemmerman
G. v e s ic u lo s a  Nag,
M i c r a s t e r i a s  t r u n c a t a  (Corda) Breb.
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
•s; '7?WiIm
«r"if
W  Urn*
54
wrisrDO
56
57
58
59
yA.EL°®JP.®!!l® < Wi 11 © > Lager helm
M,, W JJleana Lager  helm 
Mpugeo't 1 a s p .
N e t r  1 urn di  gi  tu s  ( E h r . )  11, z 1 g s & Rot he 
N„ obi ongum (DeBary ) Lutkem 
v a r .  c y l in d ic u m
+ * Qedogonium sp.
C O o c y s t is  l a c u s t r i s  Chod.
C □. rhomboides F o t t .
C 0«_ sol  i t a r i  a W i t t r .
+ F e d ia s t ru m  boryanum < T u r  p . ) Msneghin i
Peniam c r u e l  ferum (DeBary) W i t t r -  
+ P« m arg ar1taceum ( E h r . )  B r e b -
+ F I e u r o t a e n i  um coronatum (B r e b . )  Rabenh.
+ P.-_ nodosum ( B a i l . )  Lund
+ Protoderma v i r j . d e  K u tz .
+ * Rh 1 zoc 1 on 1 um h e l r o g ly p h ic u m  ( C . A . A g . )  K u tz .
Scenedesmus dent  i cu l  a t  us Lagerheim  
+ q u a d r ica u d a  ( T u r p . )  Breb.
H” * S e l e n e s t r um minutum (Naeg. ) C o l l i n s
C S p h a e r o c y s t is  s c h r o e t e r i  Chod.
+ S ta u ra s t ru m  b re v is p in u m  ( B r e b . )
West & West v a r .  obversum 
+ S., g r a c i  1 e R a l l s .
-i- 8 . inconspicuum N o rd s t .
•f 8 . pa r a dox um Meyen.
60
61
62
63
64
65
66
67
69
69
70
71
“70f «!»•
73
74
"l" § .M il!"  .9.!::: . 1 4  m n a n u rn ^  u t z »
”l" *  i'" o n d i.i o s p i  n u m A c: k 1 e y
"l" L l  ffll n l  mum ( A „ B ra  u n ) H a n s g i  r  g
4‘ T e l r a i  1 a n t  os  1 a g e r h e l  ml i  T e l l i n g
+ IJi o t  h r i  h aequal  1 s Kutz «
“,M y_«_ moni 1 i Tor mi s Kutz »
+ Uh s u b c o n s t r 1 e t a  West
+ Xatnthidium a n t i  1 opaeum <Breb«> Kutz*
+ X-_ a r  mat um <Breb. > Rabenh-
+ Zygnema s p „
Phylum a Eug lenophyta
+ Trachelomonas ob langa  Lammermann
•+■ T^ _ v o l v o c in a  Ehr.
Phylum b Chrysophyta  
C la s s  a Chrysophyeeae
+ D inabryon d iv e r g e n s  Imho-f
+ Mailomonas a c a r o i  des P e r t y
+ M-_ p r a d u c ta  <Zachar ias> Iwana-f-f
75
76
77
78
79
80
81
82
83
84
85
8 6
87
88
89
90
91
92
93
94
95
96
C1 a ss:i Dae :i. 1 1 ai'" i  o p h y c eae
Ac h n a n t h e s  1 a n c e o l  a t  a (B reb ,, ) Grun,,
+ * A(iiphora ova l  1 s Kutz «
+ Anomoeonls s e r i a n s  < B r e b „) Cl eve
+ * C a lo n e is  b a d  1 1 um Grun .
•*C e ra to n e i  s a rcus  Kutz - 
+ * Cocconeis  p l a c e n t u l a  E h r .
+ Cycl o t e l  1 a o pe rc u l  a t  a (Ag . )  Kutz,.
“I" Cymbel 1 a aequal  i  s W„ Smith
+ C._ b : l p a r t i t a  Mayor
+ Qjl g r a c i  1 i s (Rabh,, ) C l «
"l” »C« pr o s t r a t a  (B e r k e le y )  Cl eve
•+• C. v e n t r 1cosa Kutz „
+ Di atoma v u l g a r e  Bory
+ E u n o t ia  a rcus  Ehr.
•+■ E,_ c u r v a t a  ( K u t z . )  L a g e s t .
+ §Ll Bxgrac i  11s (W. Smith )  A. C l .
■+• * E m_ f a b a  ( E h r . )  Grun.
+ * E «_ l u n a r i s  ( E h r . )  Grun.
•+• E» mi nut  i sima A. C l .
C E_. p e c t i n a l  i s ( K u t z . )  Rabh. v a r .  minor
( K u t z . )  Rabh.
+ Ej,_ pec t  i na l  i s ( K u t z . )  Rabh. v a r ,
u n d u la t a  Ral-fs .  Rabh.
+ *E ,  pa ludosa  Grun.
97 E„ s e r r a  Ehr.
98 -I- E. t e n e l  1 a (G run . )  A. C l .
99  F F r u s t u l i  a i^hoj^oj^des ( E h r . )  de Toni
v a r . C r  a s s :i. n e r  v i a (C r  e b ,, 0 x W,, 8 m. )
100 4- F„_ rhomboides ( E h r . )  de Toni var,,
saxon i c a  (Ratoh.> de Ton i
101 4 * Gomphonema acuminatum Ehr .
102 4 *Gj. g r a c i  1 e Ehr,,
103 4 G_„ 1anceolatum Ehr .
104 4 *G._ o l  i vac cum Ehr .
105 4 G._ parvulum ( K u t z . )  Grun.
106 4 H a n tzs ch i  a amphi oxys ( E h r . )  Grun,
107 4 * M e l o s l r a  i t a l i c a  ( E h r . )  K u tz .
108 R IMavicula c r y p t o c e p h a l a  K u tz .
109 R »N. c u s p id a t a  K u tz .
110 4 #N. ok i l l s s i  ma Grun.
111 R *N„ e x ig u a  (Gregory)  □. M u l l e r
112 4 tt-N. 1a n c e o l a t a  (Ag . )  K u tz .
113 4 #N„ obionga K u tz .
114 R N»_. s u b t i  11 ss i  ma C l .
115 4 IMeldlum a-f-fine ( E h r . )  C l .
116 4  ttN. productum <W. Smith )  C leve
117 4 »N i t z a c h i a  h a n tz s c h ia n a  Rabh.
118 4 NL 1a n c e o l a t a  W. Smith
119 4 *N_._ s igm oldea ( E h r . )  W. Smith
120 C F a r o n ia  h e r ib a u d i  Brun & P e r .
Ross
* Rhoi cosphaen ia  c u r v a t a  ( K u t z . )  Grun.  
S t a u r o n e ls  anceps Ehr ,
St  en op t e r o b i  a i n t e rmed i a (Lewis)  F r i c k e  
■»S u r i r e l 1 a e le g a n s  Ehr .
1 i n e a r i s  W, Smith  
* S. ova l  i s Breb .
Tabel  1 a r i  a e n e s t r a t a  <Lyngh. ) K u tz .  
v a r .  i n t e r m e d ia  Grun.
T. ~f e n e s t r a t a  (Lyngh. ) K u tz .  
v a r .  l a c u s t r i s  M e is t e r  
T. - f lo ccu lo s a  (R o t h . )  K u tz ,
Phylum s P y r r h o p h y ta  
C lass  8 Dinophyceae
Ce ra t ium  h i r u d i n e l l a  ( Q . F . M u l l e r )  Schrank.
C lass  a Cryptophyceae
Cryptomonas marssonl S k u ja  
C. o v a ta  Ehr .
P h y 1 u m is R h o d a p h y t  a 
C1 a s s B R h o d o p h y c e a 0
139 + » B a t  r  ac h o sp e r  mum boryanum Si r a d t .
140 + B»_ moni 1 i - farme R a t h .
Phylum 8 C y a n o p h y ta  
C l a s s  s Myxophycsae
141 + Aphanocapsa d e l  1c a t i s s i  ma West & West
142 + A h_ pu l  e h r  a ( K u t z . )  Rabh.
143 + A p h a n o th e c a  sax 1 c o l  a Nag.
144 + C a l o t h r i  x e ph i  p h y t i c a  West & West
145 + * Chroocpc cus  t u r g l d u s  ( K u t z . )  N a e g e l i
146 R Coe1o s p h a e r 1um n a e g e l i a n u m  U n g e r .
147 + Cy1 i  n d ro s p h e rm um ml nuturn Wood
148 + Qom p h o s p h a s r ia  1a c u s t r i s  C h a rd .
149 + Lyngbya 11m ne t i  ca Lammsrmann
150 + L  p e r e l e g a n s  Lammsrmann
151 + *M sr  i s mopedia  e l e g a n s A. B raun .
152 + M. g l a u c a  ( E h r . )  Nag.
153  + # M i c r o c y s t i s  a e ru g ln o m a  ( K u t z . )  E l e n k i  n
154 + N ostoc  pa ludasum K u t z .
133  + * 0 * c i l l a t o r i  a m in i  ma Gi c k I  horn
156
157
158
®MbJaMn^ JL_s 8 chm:i. d 1 e 
0,, t  e n u i  s C A A g  
* Sp i r  n 1 i na ma j  or l<utz ,,
A r e p r e s e n t s  abundant i Occur in  more than  90% of  t h e
samples and o f t e n  r e p r e s e n t s  more than  25% of  t h e
community»
C r e p r e s e n t s  common s Occur in  between 33% and 6 6 % of  t h e  
sa m p le s v sometimes r e p r e s e n t s  more than  1 0 % of t h e
community.
F r e p r e s e n t s  f a i t h f u l  i: Occur in  more than  6 6 % of  t h e
samples but  never  r e p r e s e n t  more than  1% of t h e  community.  
R r e p r e s e n t s  r a r e  s Occur in  between 33% and 6 6 % of  th e  
samples but  never  r e p r e s e n t s  more than  1% of  t h e  community.  
+ r e p r e s e n t s  p re s e n t  b Occur in  l e s s  than  33% of  t h e
samples and never  r e p r e s e n t  more than  1% of  t h e  community.
were :i. dent  i f  :i, ed d u r in g  th e  p e r io d  ot  s t u d y » A l i s t  of t h e
s p e c i e s a 1 o n g w i t  h a s i m p 1 e i n d i c a t  i a n o f  t  h e i r  a b u n d a n c:; e
a r e  p re s e n te d  in  T a b le  3.  A l though many s p e c ie s  ot  desmids  
and d ia tom s were i d e n t i f i e d ,  n e i t h e r  of  t h e  group was an 
i m p o r  t  a n t  c o m p o n e n t  o f  p h t  y o p 1 a n k t  o n i n D u b h L o c h a r i ,, A l l
t h e  desmids and most o f  th e  d ia tom s appear  t o  have been
1 1 11 or a 1 i n or  i  g i  n , t h e y  wer e p r  ob a b l y  wash ed i n t  o t  he 
p 1 an kton by wi nd i nduced turbla 1 a n c e .. K1 a r e r  (1978)  r e p o r t e d  
147 s p e c ie s  of  a lg a e  in  Dubh Loch an.. The p re s e n t  s tudy  adds
12  s p e c ie s  of  C h l o r o p h y t a ,  27 s p e c ie s  of  C h r y s o p h y t a ,  1 
s p e c ie s  of Rhodophyta  and 5 s p e c ie s  of C y a n o p h y ta  t o  th e  
e x i s t i n g  s p e c ie s  l i s t  o f  p h y t o p l a n k t o n  in  Dubh Loch an .  The 
newly reco rd e d  s p e c ie s  have been a s t e r i s k  marked (T a b le  5 ) .  
On t h e  c o n t r a r y  19 s p e c ie s  of C h lo r o p h y t a ,  2 s p e c ie s  of  
C h ry so p h y ta ,  4 s p e c ie s  of  P y r r h o p h y t a  and 2 s p e c ie s  of  
Cyanophyta  which were recorded  e a r l i e r  were not  observed  
d u r in g  t h e  p r e s e n t  s t u d y .  The non over 1appimg s p e c ie s  were  
a 11 t  ax onomi c a l l y  qui  t  e d i s t i n c t  and can not  be acc o u n t ed 
f o r  by e r r or  in  i d e n t i f i c a t i o n .
4 . 3 . 2 .  P h y to p la n k to n  biomass (expressed  as number/1)  
and commmunity p a t t e r n  s
P h y t o p l a n k t o n  biomass showed d i s t i n c t  seasonal  and 
s t r o n g  v e r t i c a l  d i s t r i b u t i o n  p a t t e r n s  ( F i g .  2 3 ) .  A s i n g l e  
e a r l y  summer maximum was app aren t  in  both th e  y e a rs -
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Figure 23. Seasonal variations of phytoplankton biomass from 
January, 1984 to December, 1985. Isopleths of 
phytoplankton biomass are expressed as 
number x 105/1.
(L U )^ d 8 Q
:i: n :l. 984 , p h y t  a p I a n k t  o n b i a m a s s w a s v e r y 1 o w f  r a m 
January to lvl a r c h F r o m  l at e  Apri 1 , i t  increased gradua 11 y 
and reached t o  i t s  peak in  mid June and then  d e c l i n e d  
s h a r p l y  in  1 a t e  Jun e- From e a r 1y J u l y ,  t h e  biomass d e c 1ined  
g r a d u a l l y  through  t h e  r e s t  of  th e  yea r  w i t h  lo w e s t  numbers 
d u r in g  Novemeber and December., D ur ing  t h e  peak ,  t h e  h ig h e s t  
biomass was observed between 2 and Sim dep th -  However,  -from 
A p r i l  t o  e a r l y  S e p t e m b e r ,  i t  was a lways  h ig h e r  in  t h e  
e p i l i m n i o n  than t h e  r e s t  o-f t h e  w a te r  co lum n.
In  19855, t h e  seasonal  p a t t e r n  o-f p h y to p la n k to n  biomass  
was s i m i l a r  t o  t h e  yea r  b e f o r e .  F h y t o p l a n k t o n  biomass  
d u r in g  s p r in g  was a p p r o x im a t e ly  5 t im e s  h ig h e r  than  1904.  
The peak i n  summer o ccurred  t h r e e  weeks l a t e r  and t h e  
biomass was s l i g h t l y  s m a l le r  than t h e  p r e v io u s  y e a r -  Dur ing  
t h e  summer peaks i n  both t h e  y e a rs  t h e  biomass was g r e a t l y  
i n -f 1 uen c e d by t h e  r a p i d  grow t  h o -f- S p h a e ro c y s t i  s sc hr p e t e r  1 
< F ig .  2 4 ) .
K l a r e r  <1978) r e p o r t e d  a s i n g l e  summer peak of  
p h y t o p l a n k t o n  biomass i n  1974 and 1976 and two peaks ,  one in  
s p r in g  and t h e  o t h e r  in  summer in  1975 in  Dubh Lochan-  
H u t c h i n e o n  (1967)  d iscussed  seasonal  p a t t e r n s  o-f t o t a l  
p h y to p la n k to n  from d i f f e r e n t  t y p e s  o f  w a te rb o d ie s  and 
suggested t h a t  in  o l i g o t r o p h i c  w ate r  a s i n g l e  summer peak i s
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e o m m o n . H o w e v e r  , s p r  :i. n g a n d a u t  u m n m a h i m a h a v e a 1 s o b e e n 
r e p o r t e d  b u t  d u r i  ng such maxima, ph t  op1 an kton i s  g e n e r a l l y  
dom :i. na ted  by d :i. atoms
B e fo r e  a t t e m p t i n g  t h e  seasonal  p a t t e r n s  of  i n d i v i d u a l  
s p e c i e s ,  a g e n e ra l  community p a t t e r n  o f  p h to p la n k to n  in  Dubh 
L. o c h a n i s d e s c r  i b e d «
In Jan u a r  y and F e b r u a r y , t h e  d ia tom s esp ec i a l l y  Per  oni a 
hereba ud i  and Eunot i  a p e c t i  na l  i s were dominant  i n t h e
p h y to p la n k to n -  Green f l a g e l l a t e s  dominated d u r in g  l a t e  March 
and e a r l y  A p r i l  and then  th e  p o p u la t i o n s  d e c l i n e d  in  May. 
From l a t e  A p r i l  t o  May <1985 ) ,  D inobryon di v e r gens and 
Crypt o monas s p p . ,  r e  a ch ed t  he i r  p eak s b u t  D- di  vergens  was 
t  h e d o m i n a n t  s p e c i e s . P h y t  o p 1 a n k t  o n b i o m a s s i n c r  e a s e d 
r a p i d l y  in  June and J u ly  because of  r a p i d  growth of  
Sphaerocys t  i s schr o e t e r i  . Dur ing  t h i s  t im e  D«_ di vergens  
( 1 9 8 4 ) ,  C ryptomonas spp»,  O o c y s t is  a p p . ,  and B o t r y ococcus  
b r a u n i i  a l s o  reached t o  t h e i r  peaks but  S«_ s c h r o e t e r i  was 
t  he d omi nant  sp ec i e s « Af t  e r  t h e  su mmer peak,  phyt  op1 ank t  on 
biomass dee 1 ined s h a rp 1 y in  August and a g ra d u a 1 d e c 1 in e  
th ro u g h o u t  t h e  autumn lead  t o  i t s  minimum in  December-  
Dt..ir i ng t h i s  dec 1 i ne B« b rau n i  i was th e  domi nant  spec i es i n 
August ,  green f l a g e l l a t e s  aga in  assumed dominance in  
September and d ia tom s aga in  dominated in  November and 
December, a l th o u g h  p h y to p la n k to n  biomass was v e r y  low-
Figure 24. Seasonal variations of Sphaerocystis schroeteri 
from January, 1984 to December, 1985. Isopleths 
are expressed as number x 105/1.
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I< I a r a  r  <:l. 9 7 8 ) a I s  o i'" e p 0  r  1 0  d s i m i 1 a r  c:: o m m u n :i t  y p a 1 1 0  r  n s 
of  phy t  c : jp I a 11 ktor"i i  n I!)ubh I....ochan.. Gr een 4 1 a g e I I  a t . 0 s 
dominated in  e p r in g  and autumn, D. d i e rqens  in  e a r l y  summer,
S. sch r o e t e r i  in  mid summer and O o c y s t is  spp. , in  l a t e  
summer. However,  th e  d ia tom s were never  r e p o r t e d  t o  be 
p r e s e n t  in  s i g n i f i c a n t  numbers but  in  t h e  p r e s e n t  s tudy  th e y  
seem t o  be more i m p o r ta n t  than K l a r e r ' s  <1978) .
4» 3 . 3 u I n d i v i d u a l  speci  es p a t t e r n  s
Al though 158 d i f f e r e n t  a l g a l  s p e c ie s  and v a r i e t i e s  were  
i d e n t i f i e d  d u r in g  t h e  p r e s e n t  s t u d y ,  11 s p e c ie s  were  
reco rd e d  f r e q u e n t l y  enough t o  p e r m i t  an e x a m in a t io n  of  
i n d i v i d u a l  seasonal  success ion  and v e r t i c a l  d i s t r i b u t i o n  
p a t t e r n s .
4» 3 „ 3.  1.. Sphaerocyst  i s sc hr p e t e r  i b
S p h a e ro c y s t i  s s c h r o e t e r i  was t h e  dominant s p e c ie s
d u r in g  summer. I t  showed d i s t i n c t  seasonal  and v e r t i c a l  
d i s t r i b u t i o n  p a t t e r n s  ( F ig .  24) w i t h  a s i n g l e  summer peak in  
both t h e  y e a r s .
In  1984,  t h e  s p e c ie s  f i r s t  appeared in  l a t e  A p r i l  and a 
r a p i d  i n c r e a s e  in  May r e s u l t e d  i t s  maximum in  e a r l y  June
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t  e m p e r a t  u i'" b was a b o u t  :l. 8 C« T h b s p e c: :i. e s s h o w b cl s t  r  o n g 
v e r  t  i <:: a 1 s 1 r  a t  i f  :i. c a t  :i. o n w :i. t  h high® s t  p o p u 1 a t  :i. o n s  :L n t  h e
e p i 1 i m n i o n » A f  t  e r  t  h e p ® a k , t  h e p o p u I a t  i o n s cl e c: I i n e d
r  ap i d l y  in  J un e .. Fr  om J u 1 y i t  dec!  i n ed g r  ad ua 11 y and
d i sap p e a r  ed in  1 a t  e Sep t  ember .
The seasonal  p a t t e r n  in  1985 was s i m i l a r  t o  t h e  year  
be-fore,, The s p e c ie s  - f i r s t  appeared in  l a t e  May. The peak 
o cc u rre d  a month l a t e r  than  i t s  c o u n t e r p a r t  in  1984.. The 
peak p o p u la t i o n  was s l i g h t l y  s m a l le r  than  th e  yea r  b e f o r e  
and t h e  maximum number of  c o l o n i e s  were aga in  observed in  
th e  ep i 1 imn io n ,  Bot h t h e  i nc rea se  and d ecr  ease af  t  h e 
p o p u la t i o n s  b e f o r e  and a f t e r  th e  peak was v e r y  rap id . .  The 
popu1 a t  i on l e v e l  dur i ng August and 8 ep t  ember were s i  m i1 a r  to  
t h e  p r e v i o u s  year  and t h e  s p e c ie s  d is a p p e a re d  by l a t e  
October..  Dur ing  th e  peak in  1984,  n i t r a t e  c o n c e n t r a t i o n s  
( F ig s .  13 14) were m o d e ra te ly  h igh  but  o r th o p h o s p h a te
c o n c e n t r a t i o n s  (F ig s ,  17 & IS) were v e r y  low.
In  1985,  n i t r a t e  c o n c e n t r a t i o n s  were low but  o r th o p h o s p h a te  
conc e n t r  a t i  ons were s 1 i gh1 1y hi  gher than  1984,
Hutch inson (1967)  r e p o r t e d  t h a t  S p h a e r o c y s t i s  s p . , may 
d eve lop  v e r y  h igh  p a p u l a t i o n s  and cou ld  be v e r y  im p o r ta n t  in  
u n p r o d u c t iv e  l a k e s ,  K l a r e r  (1978)  r e p o r t e d  t h a t  t h e  s p e c ie s  
was dominant  d u r in g  th e  summer months but  was observed
Figure 25. Seasonal variations of Dinobryon divergens from 
January, 1984 to December, 1985. Isopleths are 
expressed as number x 1000/1.
(w ) i | }deQ
th rough  th e  e n t i r e  yea r*  He observed two peaks o-f 8 * 
^i?.!'"i..i major peak was in  mid summer and a minor
peak in  l a t e  summer in  1974 and 1975 and a s i n g l e  peak in  
l a t e  summer in  1976* P e a r s a l l  (1932)  observed h ig h e s t  
p o p u l a t i o n s  o-f S. s c h r o e t e r i  in  autumn and was common in  
s p r in g  in  t h e  E n g l is h  Lake D i s t r i c t *  D a v ie s  (1972)  . re p o r te d  
a mid summer peak o-f t h e  s p e c ie s  in  Hogans pond in  
New-found 1 an d «
4» 3» 3 .2»  Di nobryon di vergens  8
Di nobryon di  vergens  was one o-f t h e  dominant s p e c ie s  in  
Dubh Lochan. The seasonal  success ion  o-f t h e  s p e c ie s  showed 
c o n s i d e r a b l e  d i -f - ferences between th e  two y e a r s  (F ig *  2 5 ) .
In  1984,  i t  f i r s t  appeared in  mid June and a sudden 
peak o-f l a r g e  p o p u la t i o n  numbers occ ur re d  in  l a t e  June t o  
ear  1y J u l y  when t h e  l a k e  was th e rm a 1 1 y s t r a t i f i e d  and th e  
s u r f a c e  w ate r  t e m p e r a tu r e  was :L9c:,C (F ig s *  3 & 4 ) ,
I t  d e c l i n e d  s h a r p ly  in  l a t e  J u l y  and aga in  in c r e a s e d  
t o  a second and s m a l le r  peak in  l a t e  August when th e  s u r f a c e  
w ate r  t e m p e r a t u r e  was a t  i t s  h ig h e s t  l e v e l  (20^0 . The 
p o p u la t i o n s  d e c l i n e d  s h a r p ly  in  September and d is a p p e a re d  by 
l a t e  O c to ber .  The f i r s t  peak was about 4 t im e s  l a r g e r  than  
t h e  second peak.  The growth and d e c l i n e  of  th e s e  peak
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p o p u l a t i o n s  were a lways v e r y  rapid . ,  Dur ing  both th e  peaks,  
t h e  lai'"gest popu 1 a t i o n s  were observed a t  t h e  sur f  ac:e and 
t  h e y <;:! e c 1 i n e d s hi a r  p 1 y w :i. t  hi i ri c r  e a s i n g d e p t  hi „
In 1985,  D« d i vergens showed a s i n g l e  peak „ I t  - f i r s t  
appeared in  March and then a g radu a l  i n c r e a s e  le a d  t o  i t s  
maximum in  mid May when therm a l  s t r a t i f i c a t i o n  s t a r t e d  t o  
deve lop  and th e  s u r f a c e  w ate r  t e m p e r a t u r e  was 11<:>C. The 
p o p u la t i o n  sis:e d u r in g  t h i s  peak was about  2 . 5  t im e s  l a r g e r  
than  t h e  e a r l y  summer peak in  1984. The l a r g e s t  p o p u la t i o n  
d u r in g  t h i s  p e r io d  was a ls o  observed in  t h e  e p i l i m n i o n  and 
d e c l i n e d  s h a r p ly  w i th  i n c r e a s i n g  dep th .  From l a t e  June t o  
l a t e  September,  t h e  p o p u la t i o n s  were v e r y  low and was no 
l o n g e r  observed by l a t e  O ctober .
K l a r e r  (1978)  observed a s i n g l e  e a r l y  summer maximum in  
1974 and two maxima, one in  e a r l y  summer and t h e  o t h e r  in  
l a t e  summer in  1975 and 1976.
D i nobr y on di v ergens i s  c o n s id e re d  t o  be a cool  w a te r  
s p e c ie s  w i t h  optimum p o p u la t i o n  between B . 5 c:>C and 13,. 2^0 
(H u tc h in s o n ,  1967,3 Lehman, 1 9 7 6 a ) .  F indenegg (1943b)  
observed h ig h e s t  p o p u la t i o n  when t h e  w a te r  t e m p e r a t u r e  was 
5 <U>C. In  t h e  p r e s e n t  s tu d y ,  w a te r  t e m p e r a t u r e  ranged between  
11°C and 13°C d u r in g  t h e  p e r io d  of  Di nobryon suc cess s io n .  
I t  i s  e v i d e n t  t h a t  D» di v e r g ens success ion  cou ld  occur  in  a
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wide range  of temperature , ,  Di nobryon spp,, , a r e  
c h a r  a <::: t  e r  :i. s t  :i. <::: o f  n u 11'" i e n t  d e p l e t  :i, a n , p a r  t  :i. e u. 1 a r1 y
o i'" t  h o p h o s p h a t e  d e f  i e i e n t  w a t  e r  s < M u t  <:: h i n s o n ,, :L 9 6 7) „ T' h e 
a v a i 1 a b 1 e i n f  o r  m a t  i o n s u g g e s t  t  h a t  t  h e m e m b e r  s o f  t  h i s g e n u s 
a r e  ab 1 e t o  grow in  w a te rs  withi o r th o p h o s p h a te  l e v e l s  be 1 ow 
some c r i t i c a l  l e v e l  between 1 5 jug/1 (H u tc h in s o n ,  :L967)
a l th o u g h  d i f f e r e n t  ra c e s  in  d i f f e r e n t  l a k e s  may have  
s l i g h t l y  d i f f e r e n t  r e q u i r e m e n t s  (Rodhe, 1 9 4 8 ) .  in  Dubh 
Lochan , t h e  success ion  of  Di nob«r yon di v e rg e n s occurrecl whien 
o r th o p h o s p h a te  l e v e l s  were 0 .1  jug/1 in  1984 and was below  
d e t  ec t  ab1e l e v e l  i n 1983» F i nd eneg g (1 9 4 3 b )
c o n s id e re d  D«_ d i v e rg e n s t o  be a s p r in g  s p e c ie s  but  
Hutch inson (1967)  suggested t h a t  n u t r i e n t  l e v e l s  in  w ate r  
were more im p o r ta n t  in  d e t e r m in in g  t h e  seasonal  success ion  
of t h e  s p e c ie s .
4,, 3 „ 3,, 3» Oocyst  i s spp . s
Three  s p e c ie s  of  Ooc y s t i s , 0.  1a c u s t r i s , 0 .  rhomboidea
and 0.  sol i t a r i a  were recorded  d u r in g  t h e  p e r io d  of  s tu d y .  
They were bu lked  t o g e t h e r  because of  d i f f i c u l t y  in  
s e p a r a t i n g  th e  s p e c ie s  w h i l e  co u n t in g  under i n v e r t e d  
m icroscope due t o  v e ry  h igh numbers in  peak p e r i o d .  
However , 0 .  1a c u s t r i  s was dominant  among th e  t h r e e  s p e c ie s
in  both th e  y e a r s .  O o c y s t is  s p p . , were p r e s e n t  in  Dubh 
Lochan from May t o  October  and showed a s i n g l e  summer
Figure 26. Seasonal variations of Oocystis spp., from 
January, 1984 to December, 1985. Isopleths 
are expressed as number x 1000/1.
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a x :i, m u m :i. ri b a t  h t  h e y 0 a r  s ( F :i. g . 26 )
In  1984,  Qi?£Y.*?.y.s epp„,  - f i r s t  appeared in  mid May
c o i n i d i n g  w i th  th e  d e v e lo pment  of  ther(?ia 1 si : .rati  f  i c a t i  o n . 
The p o p u l a t i o n s  in c re a s e d  r a p i d l y  from l a t e  May and reached  
t o  i t s  peak,  in  l a t e  June when t h e  l a k e  was t h e r m a l l y  
s t  r a t  i f  i ed and t  h e sur f  ac e wa t  e r  temp e r  a t  ur  e was 19 e*C. 11
d e c 1 :l n e d g r  a d u a l l y  f  r  o m J u l y  t  h r  o u g h A u g u s t  a n d S e p t  e m b e r  
a n d d i s a p p eared by l a  t  e 0 c t  o b e r  w h e ri t  h e t  h e r  m a 1 
s t r a t  i f i  c a t  ion broke down r e s u 11 i  ng comp1e t e  o v e r t u r n „ The 
p o p u l a t i o n  l e v e l s  were g e n e r a l l y  h igh  in  J u l y  and August .  
Strong  v e r t i c a l  s t r a t i f i c a t i o n  was observed d u r in g  t h e  peak  
w i t h  h ig h e s t  p o p u la t i o n  l e v e l s  between 2 and 5m dep th .  
Dur ing  t h e  r e s t  of  th e  p e r i o d ,  t h e  p o p u la t i o n s  in  th e  
e p i l i m n i o n  were s l i g h t l y  h ig h e r  than  t h e  r e s t  of  t h e  w ate r  
col  umn..
In 1985,  t h e  seasonal  p a t t e r n s  were s i m i l a r  t o  t h e  year  
b e f o r e  but  t h e  p o p u la t i o n  l e v e l s  were c o m p a r a t i v e l y  lower  
d u r in g  t h e  whole p e r i o d .  The peak o cc u r re d  in  l a t e  June t o  
l a t e  J u l y  and was a p p r o x im a t e ly  20 t im e s  s m a l le r  than  t h e  
year  b e f o r e .  Both t h e  i n c r e a s e  and dec re ase  of  th e  
p o p u l a t i o n s  were g r a d u a l .  St rong v e r t i c a l  s t r a t i f i c a t i o n  
was observed from mid June t o  mid August w i t h  h ig h e s t  
p o p u l a t i o n  number in  t h e  e p i l i m n i o n  and v e r y  low numbers in  
t h e  hypoI i mni on»
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N :l 1 1'" a te  <::: o n <::: e n t  r  a t  i  o n s  ( F i  g s  „ :t 3 k. ;l. 4 ) d u r  :i. n g b o t  h t  h e 
p e a k s  w e r e  I o w „ 0 r  t  h o p h o s  p h a t e  c: o ri e e ri t  r  a t  :i. o n s  (F :i. g s « 17
:L8) w e r e  a l s o  low but  i t  was s l i g h t l y  h ig h e r  in  1985 t h a n  
1984 a l th o u g h  t h e  p o p u la t i o n s  d id  not  show an i n c r e a s e  w i t h  
t h e  in c r e a s e d  c o n c e n t r a t i o n s  of o r th o p h o s p h a te .  D ur ing  
i s o t h e r m a l  p e r io d s  when th e  n u t r i e n t  c o n c e n t r a t i o n s  were  
h i g h , D o c y s t i s spp . ,  was absent  in  t h e  l a k e .
K l a r e r  <1978) r e o r t e d  two s e p a r a t e  peaks of  O o c y s t1s 
s p p . ,  i n  Dubh Lochan, a major  peak in  l a t e  s p r in g  t o  e a r l y  
summer and a minor peak in  l a t e  summer and t h e  p o p u l a t i o n s  
were c o n f in e d  t o  th e  e p i l i m n i o n  and m e ta l im n io n .
Hutch inson (1967)  r e p o r t e d  t h a t  O o c y s t i s s p p . ,  a r e  
c h a r a c t e r i s t i c s  of  o l i g o t r o p h i c  w a te r  and occur  m a in ly  in  
summer. They a r e  c a p a b le  of  d e v e lo p in g  immense p o p u la t i o n  
when t h e  i n o r g a n i c  n u t r i e n t s  a r e  a t  a v e r y  low l e v e l .
4 « 3 « 3» 4 « Green f I a g e l 1 a t ess
Two ty p e s '  of  green f l a g e l l a t e s  were re c o g n iz e d  and 
d i s t i n g u i s h e d  as f l a g e l l a t e  1 and f l a g e l l a t e  2 a c c o rd in g  t o  
t h e  usage of  K l a r e r  ( 1 9 7 8 ) .  F l a g e l l a t e  1 i s  oovoid  in  
shape,  u n i c e l l u l a r  w i t h  two f l a g e l l a .  F l a g e l l a t e  2 i s  
depressed g lobose  t o  b r o a d ly  ovo id  w i t h  s t r o n g l y  f l a t t e n e d
Page 60
Figure 27. Seasonal variations of green flagellates from 
January, 1984 to December, 1985. Isopleths are 
expressed as number x 1000/1.
(u i ) i j jdea
a n t  e r  1 o r  s u r  f  a c e , u n :i c e 11 u 1 a r  w i t  h a s i n g 1 e f  1. a g 0 1 1 u m» 
1"h 0 i r  s i z 0 var  :i, 0 d f r  om 13 t  o 7 m :i. <:: r  on s i n d i am0 1 0 r  „ < s 00
I<1 a r e r , 1978 -for more d e t a i l e d  d e s c r i p t i o n  of  t h e  two
■forms) . However,  the  f l a g e l l a  cou ld  not  be seen e a s i l y  and 
were n o t  v i s i b l e  a t  a 11 w I"! i 1 © c: o u n t  i n g u n d e r  i n v e r  t  e d 
m icroscope .  For t h i s  reason in  th e  p r e s e n t  s tudy  t h e y  were  
bu1 ked under t h e  gener a 1 gr oup i ng as green f  1 a g e l 1 a t e s „
Green f l a g e l l a t e s  were common du r i n g t h e  whole p e r iod  
of s tu d y .  They showed two d i s t i n c t  seasonal  peaks ( F ig .
2 7 ) ,  one in  s p r in g  and t h e  o t h e r  in  autumn in  both t h e  
y e a r s .  The p o p u la t i o n s  were g e n e r a l l y  h ig h e r  in  1983 than  in  
th e  p r e v io u s  y e a r .
In  1984,  t h e  p o p u la t i o n s  were v e r y  low in  w i n t e r ,  then  
a g rad u a l  i n c r e a s e  lead  t o  i t s  s p r in g  maximum in  March and 
A p r i l  a t  a t im e  when both n i t r a t e  (F ig s  13 & 14) and
o r th o p h o s p h a te  (F ig s ,  17 & 18) c o n c e n t r a t i o n s  were h ig h ,
With t h e  onset  of  therm al  s t r a t i f i c a t i o n  and d e c l i n i n g  
nut  r  i e n t  c oncent  r  a t  i o n s , t  h e p op u1 a t  i ons dec1 i ned g r  a d u a l l y  
and reached i t s  minimum l e v e l  in  J u l y .  The p o p u la t i o n s  
s t a r t e d  t o  in c r e a s e  aga in  from l a t e  August and reached a 
second maximum in  mid September a t  t h e  same t im e  as therm a l  
s t r a t i  f  i c a t . io n  was b eg in !n g  t o  b reak  down and t h e  n u t r i e n t  
c o n c e n t r a t i o n s  were s t i l l  low. A f t e r  t h e  autumn o v e r t u r n  
p o p u la t i o n  numbers d e c l i n e d  t o  low l e v e l  in  October and low
10 v e 1 r  0 m a i n 0 d u n t  :i. 1 D 0 e 0 m b 0 r  „ T h 0 s p r  1 n g p 0 a k w a s a is b i g 
as t h e  autumn peak.,
In  1983,  t h e  seasonal  p a t t e r n s  were s i m i l a r  but  th e  
s p r in g  peak was a p p r o x im a t e ly  10 t im e s  b ig g e r  than  th e  
autumn peak,, The p o p u la t io n  l e v e l  in  January  and F e b ru a ry  
were h igh  c o i n c i d i n g  w i t h  h igh  c o n c e n t r a t i o n s  of  
or t  hop hasph a t  e » Th e sp r  i n g peak was ap p rox i mat e I y  4 t  i mes 
b ig g e r  than in  1984 and th e  autumn peak was s l i g h t l y  
s m a l l e r .
P o p u la t io n  numbers from May t o  August were much lower  
but  f rom October  t o  December t h e i r  numbers were much h ig h e r  
than  t h e  yea r  b e f o r e ,
S trong  v e r t i c a l  s t r a t i f i c a t i o n  was observed d u r in g  th e  
peaks in  both th e  y e a rs  w i th  maximum numbers in  t h e  top  4m 
w ater  and th e y  were homogeneously d i s t r i b u t e d  through  th e  
w ate r  column d u r in g  th e  r e s t  of  th e  p e r i o d .
K l a r e r  <1978) r e p o r t e d  t h a t  green f l a g e l l a t e s  were v e r y  
low in  1974 w i t h  no d i s t i n c t  seasonal  peak ,  moderate number 
in  1973 w i t h  a s i n g l e  s p r in g  peak and h igh  p o p u la t i o n  in  
1976 w i t h  t h r e e  s e p a r a t e  peaks in  w i n t e r ,  s p r in g  and summer 
and t h e  p o p u la t i o n s  were v e ry  low in  autumn.
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Figure 28. Seasonal variations of Cryptomonas spp., from 
January, 1984 to December, 1985. Isopleths are 
expressed as number x 1000/1.
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1n t h e  p resent  s tudy 1 ow summer popul a t  i ori and hi gh 
a u t  u m n p a p u 1 a 'I',: i o n i n :l, 9 G 5 i s :i. n c o n t  r  a s t  t  o K1 a r  e r  ' s < :l. 9 7 8)
■f i n d i n g „ However , t h e  ev i den e e suggest  s t  h a t  t  h e
•f 1 age 11 a t e s  have wide range  of  t e m p e r a t u r e  t o  1 e ran c e  and 
need h igh  n u t l e n t  c o n c e n t r a t i o n s  in  t h e  w a te r  f o r  t h e i r
optimum growth..
4 .  3» 3., 5.. Cryptomonas spp * a
Two s p e c ie s  of Cryptomonas, C. o v a te  and Cb marson1 i 
were recorde d  in  t h e  p re s e n t  s tu d y .  They a r e  bu lked  t o g e t h e r  
under Cryptomonas spp.. However C« o v a ta  was in  g e n e r a l  th e  
dominant s p e c ie s .  Cryptomonas s p p . ,  were observed th ro u g h o u t  
t h e  yea r  except  in  January  and F e b ru a ry  in  1905..
C o n s id e r a b le  d i f f e r e n c e s  was observed in  t h e  seasonal  and 
v e r t i c a l  d i s t r i b u t i o n  p a t t e r n s  between t h e  two y e a rs  <Fig„
2 8 ) .  I t  showed a s i n g l e  summer peak in  1984 and t h r e e  
d i s t i n c t  peaks in  s p r i n g ,  summer and autumn in  1985.
In  1984,  th e  p o p u la t i o n s  were v e r y  low from January  t o  
e a r l y  March. A gradua l  in c r e a s e  from l a t e  March r e s u l t e d  i t s  
maximum in  l a t e  J u l y .  I t  d e c l in e d  g r a d u a l l y  from August and 
reached t o  i t s  low est  l e v e l  in  December.
In  1985,  Cryptomonas s p p . , was absent  from January  t o  
mid Feb r u a r y . I t  s howed t h r e e  d i s t i nc t  s e a sona1 pea k s , one
:i. ri l a t e  A p r i l  t o  e a r l y  May,  one  i n  l a t e  J u l y  t o  e a r l y  A u g u s t  
and a t h i r d  one  i n  l a t e  S e p te m b e r  t o  e a r l y  O c t o b e r » The 
sp r  i  ng an d a u t  umn max i  ma wer e s i  m i  1 a r  i  n s i  z e i:> u t  t  he  summer 
o ne  was a bau t  2 t i me s l a r ge r  t h an t h e  o t h e r s „ The p o p u  1 a t i o n  
1eve1s in spring ©nd autumn in 1985 were higher than the
p r e v i  ous y e a r » The summer max i mum :l n 1984 was s i  i gh11 y 
1 a r  g e r  t  h a n 19 8 5 . A t  t h e  t  i m e o f  s u m m e r  m a x i m u m, t  h e p e a k 
p o p u l a t i o n s  were observed between s u r f a c e  and 4m depth,.  
Dur ing  t h e  whole p e r io d  of  the rm a l  s t r a t i f i c a t i o n ,  th e  
p o p u l a t i o n s  were a lways h igh in  th e  e p i l i m n i o n  and i t  
dec 1 i ned w i th  i ncr  eas i  ng d e p t h ., The popul a t  i on was even I y 
d i s t r i b u t e d  th ro u g h o u t  th e  w ate r  column d u r in g  i s o t h e r m a l  
coridi t  i o n .
K l a r e r  (1978)  observed two d i s t i n c t  seasonal  peaks of
C ry p t omonas s p p . 7 in  s p r in g  and autumn in  1974 and 1975 and
a minor mid summer peak in  1976 in  Dubh Lochan. He d id  not  
f i n d  any v e r t i c a l  s t r a t i f i c a t i o n  and t h e  s p e c ie s  was absent  
in  June and J u l y  in  1974 and 1975. In th e  p r e s e n t  s tudy  th e  
h i g h e s t  peak was in  mid summer and two o t h e r  minor peaks in  
s p r in g  and autumn occurred  o n ly  in  1905. S trong v e r t i c a l  
G r a t i f i c a t i o n  was observed d u r in g  t h e  whole p e r io d  of
t  her  ma1 s t  r  a t  i f  i c a t  i o n .
Dur ing  l a t e  summer in  August and e a r l y  September when 
th e  hyp o l im n io n  was a n o x ic ,  K 1 arer  <1978> d id  not  f i n d
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Figure 29. Seasonal variations of Botryococcus braunii from 
January, 1984 to December, 1985. Isopleths are 
expressed as number x 100/1.
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~>PP»* in  th e  bottom w a te rs  but  in  th e  p r e s e n t  
s t  u d y c o n s i d e r  a b I e n u m b e r  s o -f t  h e p o p u 1 a t  :i. o n s w e r  e a I s o 
preser"it 1 n th e  anok i c water's i n th e  i"iypoI i mni on „
I l m a v i r t a  & K o t i maa <1974) r e p o r t e d  ’from o l o g o t r o p h l c  
w a te rs  in  F in la n d  t h a t  Cryptomonas spp,. , were most common 
t h ro u g h o u t  t h e  w in t e r  and in  e a r l y  summer but  not  in  autumn,, 
In  t h e  p re s e n t  s tu d y ,  th e  w i n t e r  p o p u la t i o n  was v e r y  low,, 
The e v id e n c e  suggests  t h a t  Cryptomonas s p p . , have a wide  
range  of  t e m p e r a tu r e  t o l e r a n c e  and c a p a b le  of  • f l o u r i s h i n g  in  
v e r y  low n u t r i e n t  c o n c e n t r a t i o n s  but  t h e y  need V i t a m in  B12 
or T h i ami n <Hutch i  neon , 1967> f o r  t h e i  r  o p t i  mum g r o w th ,,
4 .3«  3 . 6 .  Botryococcus b raun i  i a
B o t r yococcus b raun i  i was not  a dominant component o-f 
p h y to p la n k to n  in  Dubh Lochan. The p o p u la t i o n s  v a r i e d  g r e a t l y  
between t h e  two y ea rs  (Fig,, 29) .
In 1984,  B«_ b raun i  i appeared in  e a r l y  J u l y  and then a 
r a p i d  in c r e a s e  r e s u l t e d  in  a maximum in  l a t e  J u l y  t o  August  
when t h e  l a k e  was t h e r m a l l y  s t r a t i f i e d  and t h e  n u t r i e n t  
c o n c e n t r a t i o n s  were low. The p o p u la t i o n s  d e c l i n e d  s h a r p ly  in  
September and d isap p eared  by l a t e  O cto ber .  S trong v e r t i c a l  
s t r a t i f i c a t i o n  was observed d u r in g  t h e  peak w i t h  h ig h e s t  
p o p u la t i o n s  in  t h e  upper 5m w a te r .
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a n d t  h e p o p u 3. a t  i o n s w e r  e m u c h 1 o w e r  t  h a r'i t  h e p r  e v i o u s year" „ 
However , t h e  sp e c ie s  appeared in  mid F e b r u a r y , in c r e a s e d  
s 1 i g h 1 1 y i n M a r  c h a n d A p r  i 1 a n d t  h e n d i s a p p e a r  e d b y m i d M a y »
The s p e c ie s  was absent  -from mid May t o  mid J u l y .  I t  appeared
aga in  in  l a t e  J u l y ,  in c re a s e d  s l i g h t l y  in  l a t e  August and 
September and aga in  d isapp eared  by l a t e  O c to ber .  The r i s e  
o-f t h e  p o p u la t i o n  l e v e l s  d u r in g  s p r in g  and l a t e  summer were  
s i  mi I a r «
K l a r e r  (1978)  recorded  B«_ b raun i  i i n  Dubh Lochan in
smal l  numbers and d id  not  observe  seasonal  s u c cess io n .
Maulood & Boney (1980)  r e p o r t e d  t h a t  th e  s p e c ie s  was p re s e n t  
in  Loch Lomond th roughou t  th e  year  and showed a single? 
summer peak in  J u ly  and August.  Chu (.1942) suggested t h a t  B. 
brau n i  i i s au toau kot r o p h i c  but  r e q u i r e s  -f a i r  1 y h igh
c o n c e n t r a t i o n s  o-f n u t r i e n t s  -for optimum growth .
On t h e  c o n t r a r y  t h e  maximum p o p u la t i o n s  o-f 3EL braun i  i
in  J u l y  & August in  t h e  p r e s e n t  s tudy  in  Dubh Lochan and in
Maulood & Boney's  (1980) s tudy in  Loch Lomond occ urre d  when
t h e  n u t r i e n t  c o n c e n t r a t io n ®  were low.  Hutch inson (1967)  
suggested t h a t  th e  s p e c ie s  can be e x t r e m e ly  abundant but
under c o n d i t i o n s  t h a t  a r e  so v a r i e d  t h a t  n o th in g  can be s a id  
about  i t s  e c o l o g i c a l  d e t e r m i n a t i o n .
Figure 30. Seasonal variations of Peronia herebaudi from 
January, 1984 to December, 1985. Isopleths are 
expressed as number x 100/1.
(lu)iudoa
4» 3 «3  .1 7-  P e r  o n i  a h ® r  ® to a u d i  a
Per  on a. a herebaudi  was common among t h e  d ia tom  
community in  Dubh Lochan th roughou t  th e  w ate r  column d u r in g  
t h e  p e r i o d  o-f s tudy-  I t  showed d i s t i n c t  seasonal  and s l i g h t  
v e r t i c a l  d i s t r i b u t i o n  p a t t e r n s  in  tooth t h e  y e a rs  <Fig.  3 0 ) -
In  1984,  th e  p o p u la t io n  l e v e l s  were h igh  in  J a n u a ry ,  
decreased  s l i g h t l y  in  e a r l y  Feb ru ary  and then i n c r e a s e d  t o  
i t s  peak in  l a t e  Feb ru ary  t o  e a r l y  March- I t  d e c l i n e d  
s l i g h t l y  in  l a t e  March t o  e a r l y  A p r i l  and then  in c r e a s e d  
a g a in  in  l a t e  A p r i l  t o  e a r l y  May r e a c h in g  i t s  second peak.  
T h is  peak was s l i g h t l y  b ig g e r  than t h e  - f i r s t  peak- S l i g h t  
v e r t i c a l  s t r a t i f i c a t i o n  was observed d u r in g  tooth t h e  peaks  
w i t h  h ig h e s t  p o p u la t i o n  in  th e  upper 4m w a te r -  With t h e  
onset  o-f t h e r tna 1 s t r a t  i -f i c a t  i on , t h e  popu 1 a t  i on 1 eve 1 
d e c l i n e d  in  l a t e  May and low numbers remained up t o  
September.  A f t e r  th e  autumn o v e r t u r n  and r e d i s t r i b u t i o n  o-f 
n u t r i e n t s  th roughou t  th e  w ater  column, t h e  p o p u la t i o n  
in c r e a s e d  s l i g h t l y  in  October and remained up t o  December.
In  190S, t h e  p o p u la t io n  l e v e l s  in  January  were much 
lower  than th e  year  b e f o r e -  A sudden in c r e a s e  -from l a t e  
January  lead  t o  i t s  f i r s t  peak in  mid Feb ru ary  which i s  
about  3 weeks e a r l i e r  than th e  p r e v io u s  y e a r -  Dur ing  t h i s
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Figure 31. Seasonal variations of Eunotia pectinalis from 
January, 1984 to December, 1985. Isopleths are 
expressed as number x 100/1.
( u o i n d e a
p e a k , t  h e p o p u I a t  i a n l e v e l  s w e r  e s X :i. g Pi 1 1. y h i g h e r  t  h a n 19 8 4 
but t h e  h i g h e s t  p o p u la t io n s  were observed between 4 and 6 m 
d e p t  h ii T h e s p r  i n g p ® a k w a s s i m i 1 a r  t  o 1984 b u t  t  h e h i g h e s t  
p o p u la t i o n  numbers were observed between 2 and ’5m depth.,  
From l a t e  May t o  Ju 1 y , th e  popu 1 a t i o n  l e v e l s  were sim:L 1 a r  t a 
t h e  yea r  b e f o r e  but  i t  showed a minor peak in  August and 
8 eptemb e r  in  th e  e p i l i m n e t i c  w a t e r » Frout l a t a  0e t o b a r  t o  
December t h e  p o p u la t i o n s  were g e n e r a l l y  s l i g h t l y  lower  than  
th e  y e a r  before. .
4 » 3 „ 3 . 8 Eunot i  a p e c t i  n a l i  s 8
Eu n o t i a p e c t i  n a l i  s was common in  t h e  pi a n k to n ic  d ia tom  
community in  Dubh Lochan th roughout  t h e  w a te r  column 
a l th o u g h  i t  i s  b e n th ic  in  o r i g i n  (H u tch in so n ,  1 9 6 7 ) .  I t  
showed d i s t i n c t  seasonal  d i s t r i b u t i o n  p a t t e r n s  <Fig« 31)„
In 1984,  th e  p o p u la t io n s  were g e n e r a l l y  h ig h e r  than  
1985. S t a r t i n g  from high numbers in  January  and F e b r u a r y ,  i t  
reached t o  i t s  f i r s t  peak in  mid March. The p o p u la t i o n s  
d ec1 ined  s l i g h t l y  in  1 a t e March t o  e a r l y  A p r i 1 and t h en 
in c r e a s e d  t o  i t s  second peak in  l a t e  A p r i l  t o  e a r l y  May when 
t h e  n u t r i e n t  c o n c e n t r a t i o n *  e s p e c i a l l y  n i t r a t e  and 
or th o p h o s p h a te  c o n c e n t r a t i o n s  were h ig h .  T h is  peak was 
s l i g h t l y  h ig h e r  t h an t h e  peak in  March and th e  popu1 a t i o n s  
showed s l i g h t  v e r t i c a l  s t r a t i f i c a t i o n  w i t h  manimum
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p o p u l a t i o n s  in  th e  upper 4m water, , With th e  onset  o-f therm a l  
s t  r  a t  i f  1 c a t  :i. on an<:! dec 1 i n i ng nut r  i en t  c::oncen t  r  a t  :i. on s , t  he 
p o p 1 a t  i o n s d e c 1 i n e d g r  a d u a 11 y a n d r  e a c h e d t  o t  I'l e 1 o w e s t  
1 eve 1 i n 3 u 1 y and August , A11 hougl"i t  l”ie p op u 1 a t  ions  i nc r  eased  
s l i g h t l y  in  September and O c to ber ,  t h e  l e v e l s  remained low 
t  h r  o u g h o u t  t  hi e a u t  u m n a n d e a r l y  w i n t  e r »
In 1905,  th e  seasonal p a t t e r n s  were s i m i l a r  e x c e p t  in  
summer when th e  p o p u la i t ions were h ig h e r  than  t h e  yea r  
b © fo r e .  E u not1 a p e c t i n a l i  s showed t h r e e  smal l  p e a k s , one i n 
F e b r u a r y ,  one in  l a t e  A p r i l  t o  e a r l y  May and a t h i r d  one in  
August and September,  The w in t e r  and s p r in g  peak was s i m i l a r  
in  s i z e  but  th e  summer peak was s l i g h t l y  s m a l l .  The w i n t e r  
peak was s l i g h t l y  s m a l le r  than i t s  c o u n t e r p a r t  in  1904 and 
t h e  h ig h e s t  p o p u la t i o n s  were observed between 3 and :LOm 
d e p th .  The s p r in g  peak was about h a l f  th e  s i z e  o-f 1904 peak 
and t h e  p o p u la t io n s  were a lmost  u n i f o r m l y  d i s t r i b u t e d  
th ro u g h o u t  t h e  w ate r  column. The p o p u la t i o n  l e v e l  d u r in g  t h e  
whole summer were much h ig h e r  than th e  yea r  b e f o r e .  Dur ing  
t h e  peak in  August and September t h e  h ig h e s t  p o p u la t i o n s  
were observed between 3 and 0m dep th .  The p o p u la t i o n  l e v e l  
from October  t o  December were s i m i l a r  t o  th e  year  b e f o r e  but  
t h e  numbers were s l i g h t l y  h ig h e r  between 4 and 10m d ep th .
K l a r e r  (1970)  r e p o r t e d  v e ry  low numbers o f  E, 
p e c t i n a l i s  in  p l a n k t o n i c  community but  t h a t  i t  was common in
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Figure 32. Seasonal variations of Eunotia lunaris from 
January, 1984 to December, 1985. Isopleths 
are expressed as number x 100/1.
( iu )iiid 0 a
th  e ep :i. phy t  :i, c c a mmun :i. t  :i, es :i, n Dubh I...,och an „ H o w e v e r , w:i. nd 
:i. nduced t  u r buII. 0 n<:::e and 11"1!0 :i, n c r eased budy anc:y c a u s 0 d by
b i.,i b Id 1 0 s o f  p h o t  a  s y n t  h 0 1 i c a 1 1 y p r  o d u c 0 d 0 x y g 0 id c a  u 1 d p r  0 b a b 1 y 
be responsib!L0  f o r  th e  mix ing of  t h i s  b e n th ic  d ia tom  in  t o  
th e  p la n k t o n  community in  Dubh Lochan. In autumn, th e  
' s u b s t r a t e '  f o r  e p ip h y te s  p a r t i c u l a r l y  a q u a t i c  p l a n t s  d i e  
back and become u n s t a b le ,  t h e r e f o r e ,  r e l e a s e  many of  th e  
d ia tom s in  t o  t h e  w a te r .
4,, 3.  3 .  9.  Eunot i  a 1 unar i s a
Eunot i  a 1u n a r 1s , ano the r  d ia tom  n o r m a l ly  consi  dered t o  
be b e n t h i c  were a l s o  common in  t h e  p la n k to n  community  
th ro u g h o u t  th e  w ate r  column in  Dubh Lochan but  th e  
p o pu1 a t  i ons were c o m p a r a t i v e ly  lower  than  E u not1 a
p e c t i  n a l i s . I t  showed two peaks,  one in  s p r in g  and t h e  o t h e r  
in  l a t e  summer t o  e a r l y  autumn in  both t h e  y e a rs  <Fig« 3 2 ) .
In  .1.984, a gradua l  in c r e a s e  from January  lead  t o  i t s  
s p r in g  maximum in  l a t e  A p r i l  t o  e a r l y  May and t h e  
p o p u l a t i o n s  were u n i f o r m l y  d i s t r i b u t e d  th ro u g h o u t  t h e  w ate r  
column. I t  d e c l in e d  s h a r p ly  in  June and low l e v e l s  remained  
up t o  August when th e  l a k e  was t h e r m a l l y  s t r a t i f i e d  and th e  
n u t r i e n t  l e v e l s  were low. The p o p u la t i o n s  in c r e a s e d  
g r a d u a l l y  from September and reached t o  i t s  second peak in  
l a t e  October  and November w i th  autumn o v e r t u r n  and m ix ing  of
Figure 33. Seasonal variations of Frustulia rhomboides from 
January, 1984 to December, 1985. Isopleths are 
expressed as number x 100/1.
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t  h e n u t  r  i e n t  s t  hi r  o u g hi o u t  t  hi 0 w a te r’ c o 1 u m n « 1" hi i s p 0 a k w a s
s 1 :i. g hi 1 1 y mi m a 11 0 r  t  h a n t  hi 0 s p r  i n g p 0 a k a n d s h o w 0 d s t  r o n g 
v 0 r  t  :i. c a 1 s t  r  a t  i i  i  c a t  i 0 n w :i. t  hi h i g hi 0 s t  n u m b 0 r  s i ri t  hi 0 u p p 0 r 2 ^m 
w a t e r „
In  3.985, th e  p o p u la t io n  l e v e l s  d u r in g  th e  w i n t e r  and 
t h e  peak in  s p r in g  was s i m i l a r  t o  1984. I t  d e c l i n e d  s h a r p l y  
a-f-ter t h e  peak and th e  p o p u la t io n s  -from mid May t o  l a t e  June  
were much lower than th e  year  bet  ore,. The p o p u la t i o n s  -from 
J u l y  t o  mid October were much h ig h e r  than t h e  p r e v io u s  y e a r „ 
I t  in c r e a s e d  g r a d u a l l y  -from J u ly  and reached t o  i t s  second
peak in  mid September.  T h is  peak was s l i g h t l y  h ig h e r  than
th e  autumn peak in  1984 and th e  h ig h e s t  p o p u la t i o n s  were  
observed between 4 and 8m depth .  I t  d e c l i n e d  r a p i d l y  a t t e r  
t h e  peak and th e  p o p u la t i o n s  -from l a t e  October t o  December 
were much lower than th e  year  be-fore.
4 . 3 . 3 . 1 0 .  F r u s t u l i a  rhomboides s
F r u s t u l i a  rhomboides was a l s o  common th ro u g h o u t  t h e  
t h e  w a te r  column d u r in g  th e  p e r io d  o-f s tudy  a l th o u g h  th e  
p o p u la t i o n s  were g e n e r a l l y  low. I t  showed two d i s t i n c t
seasonal  peaks in  1984 and t h r e e  peaks in  1985 ( F ig .  3 3 ) .
In  1984,  a r a p i d  in c r e a s e  -from e a r l y  F eb ru ary  le a d  t o  
i t s  maximum in  l a t e  F eb ru ary  t o  e a r l y  March. Dur ing  t h i s
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p e a k , t: h 0 p 0 p u I a t  i o n s w 0 r  0 l a  n ;i. f  0 r  m I y d i s t  r  i b u t. 0 d t  h r  o u g h o l a  t  
t h e  w ate r  c 0 1 l a  mn . 1” In e p 0 p l a  I a t  i 0 in d 0 e 1 i in e d s In a r  p 1 y i in in i  d
M a i'" c:: In a n d 0 a r  I y A p r  :i ]. a in d a g a :i, in i in c r  0 a s 0 d g r  a d l a  a ]. 1 y f  i'" 0 m in i d 
A p r i l  and reached t o  i t s  second peak in  mid Nay. D ur ing  t h i s  
peak ,  s t ro n g  v e r t i c a l  s t r a t i f i c a t i o n  was observed and th e  
popui a t  i ons were conf i ned t o  l a pper 3m w a t e r « The pop l a  1 a t  i 0 ns 
dec1ined sharply in ear1y June and 1ow numbers r0 mained from 
mid June t o  August when t h e  l a k e  was t h e r m a l l y  s t r a t i f i e d  
and t h e  n u t r i e n t  c o n c e n t r a t i o n s  were low,. I t  in c r e a s e d  
s l i g h t l y  in  September and e a r l y  October and showed s l i g h t  
v e r t i c a l  s t r a t i f i c a t i o n  w i th  h ig h e s t  numbers between 2 and 
5m d e p th .  The p o p u la t i o n  d e c l in e d  in  mid October  and low  
numbers remained lap t o  December.
In  1985,  t h e  w in t e r  peak occurred  about t h r e e  weeks 
e a r l i e r  than  th e  year  b e f o r e  and was s i m i l a r  in  s i z e  t o  i t s  
count e r p a r t  in  1984. The popu 1 a t i o n s fram Ju1y t o  e a r l y  
November were much h ig h e r  than th e  yea r  b e f o r e .  I t  i n c r e a s e d  
f rom J u l y  and reached t o  i t s  t h i r d  peak d u r in g  August and 
O c to b e r .  T h is  peak was s l i g h t l y  s m a l le r  than t h e  s p r in g  one 
but b ig g e r  than th e  w in t e r  peak and t h e  h ig h e s t  p o p u la t i o n s  
were observed between 3 and 7m dep th .  The p o p u la t i o n s  from  
November t o  December were c o m p a r a t i v e ly  h ig h e r  than  t h e  yea r  
b e f o r e .
Figure 34. Seasonal variations of Tabellaria flocculosa from 
January, 1984 to December, 1985. Isopleths are 
expressed as number x 100/1.
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4» 3« 3» :l. : l . T a b 0 11 ar  1, a f  I occu I osa a
L i k 0 m o s t  o f  t  h e 0 1. h r  d i a t 0  m s r  0 <:: 0  r  d 0  d d u r  i n g t  h 0 
p r e s e n t  s t u d y ,  l a b e l  1a r i a  f 1occu l osa was a l s o  common but  t h e  
p o p u l a t i o n s  were a lw ays  low. I t  showed three-? d i s t i n c t  
seasona l  peaks in  both  t h e  y e a r s  d u r in g  w i n t e r ,  s p r i n g  and 
l a t e  summer t o  e a r l y  autumn r e s p e c t i v e l y  <Fig.  3 4 ) .
In  .1984, a g ra d u a l  i n c r e a s e  -from Jan uary  l e a d  t o  i t s
w i n t e r  peak i n  l a t e  F e b ru a r y  t o  e a r l y  March w i t h  maximum
p o p u l a t i o n s  between 4 and 8m d e p th .  The p o p u l a t i o n s  d e c l i n e d  
•from mid March t o  e a r l y  A p r i l  and a g a in  in c r e a s e d  r a p i d l y  
•from mid A p r i l  r e s u l t i n g  i t s  s p r in g  maximum in  l a t e  A p r i l  t o  
mid May. T h i s  peak was s l i g h t l y  b ig g e r  than  t h e  w i n t e r  one  
but  t h e  p o p u l a t i o n s  were u n i f o r m l y  d i s t r i b u t e d  th r o u g h o u t  
th e  w a te r  column.  A f t e r  t h e  peak ,  t h e  p o p u l a t i o n s  d e c l i n e d  
r a p i d l y  and d i s a p p e a r e d  from mid June t o  mid J u l y .  I t  
appeared a g a in  in  l a t e  J u l y  and a g ra d u a l  i n c r e a s e  f rom  
e a r l y  August le a d  t o  i t s  autumn peak in  l a t e  O cto ber  
I m m e d ia t e ly  a f t e r  t h e  autumn o v e r t u r n .  T h i s  peak was s i m i l a r  
t o  s p r i n g  one in  s i z e  bu t  th e  p o p u l a t i o n s  were c o m p a r a t i v e l y  
h ig h e r  f rom  2m below t h e  s u r f a c e .  The p o p u l a t i o n s  d e c l i n e d
s h a r p l y  a f t e r  t h e  peak and low l e v e l s  rem ained  f rom mid
November t o  December.
In  1985 ,  t h e  w i n t e r  peak was s l i g h t l y  b i g g e r  i n  s i z e
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ancl 1 he v e r  t  i ca 1 cl:i, st r 1 :i, but  :i, on pa11er  n was si m:i, 1 a r  t a :l. 984«
1" h e s p i'" :i. n g pea k w a s s I i g h 11 y I::) i g g e r  b u t  :i. t  s h a wed s t  r  a n g
v e i'" t  :L c: a 1 s t  r  a t  :i. -f i c: a t  i d n w :i. t  h m a x :i m u m p o p u 1 a t  i o n s i n t  h e
upper 5m w a t e r .  The t h i r d  peak o c c u r re d  in  l a t e  August  b u t
t h e  p o p u l a t i o n s  were con-fined in  t h e  upper  p a r t  o-f t h e  
e p i l i m n i o n .  The p o p u l a t i o n s  d u r in g  t h e  whole  autumn were  
much low er  th an  t h e  y e a r  be- fore.
4 . 3 . 4 .  D ia tom d is c u s s io n  b
H u tc h in s o n  <1967) r e p o r t e d  t h a t  d ia to m s  a r e  t h e  most 
im p o r t a n t  component o-f - f reshwater  p h y t o p la n k t o n .  in  t h e  
p r e s e n t  s tu d y  t h e y  a r e  o n ly  a sm al l  p o r t i o n  o-f t h e  
p h y t o p la n k t o n .  The s p e c ie s  c o m p o s i t io n  <Table 5) su g g e s ts  
t h a t  most o-f t h e  d ia tom s  a r e  l i t t o r a l  or  b e n t h i c  in  o r i g i n  
a l th o u g h  t h e y  were common in  t h e  p la n k t o n  in  Dubh Lochan.  
B e n th ic  d ia to m s  a r e  a l s o  common in  p l a n k t o n  i n  Loch Lomond 
(Maulood & Boney, 1980) but  t h e  s p e c ie s  c o m p o s i t io n  i s  q u i t e  
d i f f e r e n t  f rom Dubh Lochan.  The most commonly o c c u r r i n g  
s p e c ie s  o f  d ia tom s  in  Loch Lomond a r e  F r a g i 1 1 a r i a 
c r o t o n e n s i  s , Ast e r  i o n e l  l a f  ormosa , Tab e l  l a r i  a f  e n e s t r a t a T « 
f l o c c ulosa. ,  M e l o s i r a  i t a l  i c a  and C y c l o t e l  1 a comta where as  
in  Dubh Lochan,  t h e s e  s p e c ie s  a r e  e i t h e r  absen t  o r  v e r y  
r a r e .  The most commonly o c c u r in g  s p e c ie s  o f  d ia to m s  i n c l u d e  
E u n o t ia  p e c t i n a l i s , E. l u n a r i s , F e r o n i a  h e r e b a u d i , 
Tabel  l a r i  a f l o c c u l o s a  and F r u s t u l i a  rhom b o id es . However,  t h e
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d i a 1 o m s :i. i"'i t  h e p .1 a n k t  o r i i n D u b h L... o c h a n c o u 1 d p o s s :i, b 1 y <:: o m e 
•f i'" o m e :i. t  l"'i e r c o n t  i n u a u s s u b s :i. d y f !'" o m !l. i 11 o r  a 1 a r  e a o r  ta y 
r e p i'" o d u e: t  :i. o n '1: h r  o u g h o u t  t  h e w a t  e r  c o 1 u m n w h :L c h :i. s u n u s u a 1 
f  a r  t  h 0  se s p e c i e s .  A s t  h e r  e i s n o d i r  e c t  e v i d e n c e a f  
r e p r o d u c t i o n  of  d ia to m s  th r o u g h o u t  t h e  w a te r  column,  i t  was 
t h e r e f o r e ,  conc luded  t h a t  t h e y  must have been washed away 
from t h e  l i t t o r a l  a r e a .  Both wind induced t u r b u l a n c e  and 
in c r e a s e d  bouyancy caused by bub b les  o f  p h o t o s y n t h e t i c a l 1y 
produced oxygen were p r o b a b ly  r e s p o n s i b l e  f o r  t h e  movement 
of  l i t t o r a l  and b e n t h i c  d ia tom s in  t o  t h e  p l a n k t o n .
In  Dubh Lochan,  d ia tom s were more common i n  t h e  p r e s e n t  
s tu d y  th an  t h a t  o f  K l a r e r ' s  <1978) which co u ld  be r e l a t e d  
w i t h  c o m p a r a t i v e l y  h i g h e r  c o n c e n t r a t i o n s  o f  s i l i c a t e  and 
n i t r a t e .  D u r in g  t h e  p r e s e n t  i n v e s t i g a t i o n ,  s i l i c a t e ,  n i t r a t e  
and c o n d u c t i v i t y  were g e n e r a l l y  more than  t w i c e  as much as 
was observed  by K l a r e r  ( 1 9 7 8 ) .  However,  o t h e r  
p h y s ic o -c h e m ic a l  p a r a m e te r s  may a l s o  be p a r t l y  r e s p o n s i b l e .
In  t h e  p r e s e n t  s t u d y ,  most o f  t h e  d ia tom s  showed t h r e e  
d i s t i n c t  seasona l  peaks in  w i n t e r ,  s p r i n g  and l a t e  summer t o  
autumn r e s p e c t i v e l y .  The w i n t e r  peak cou ld  be r e l a t e d  w i t h  
h i g h e s t  c o n c e n t r a t i o n s  of  s i l i c a t e  <F igs.  19 & 20)  and
m o d e r a t e ly  h ig h  c o n c e n t r a t i o n s  o f  n i t r a t e  ( F ig s .  13 & 14)
and o r th o p h o s p h a te  ( F ig s .  17 8< 1 8 ) .  The s p r i n g  maximum i s  
a s s o c i a t e d  w i t h  t h e  h i g h e s t  c o n c e n t r a t i o n s  o f  n i t r a t e  and
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s :i. 1 :i. c a t e  a 1 o n g w i t  h i n <:: r  e a s e d :i. 11 u m :i, n a t  :i. o n < 1" a b l e  1) .. "I" h e
a u t  u m n pe a k ,  i m m e d i a t  e 1 y a f  t  e r  t  h e o v e r  t  u r  n :i. s a s s a <;; i a t  e d 
w i t  h h :i, g h e o n c e n 11'" a t  :i. o n b o f  L h e n u t  r  :i. e n t  b e b p e <:: :i. a 11 y 
o r th o p h o s p h a te  and s i l l  c a t e .  D ia toms a r e  g e n e r a l l y  
c o n s id e r e d  t o  be c o 1d w a te r  spec i  es <H u tch i  n s o n , 1967) .  Two 
ty p e s  of  t h e o r i e s  e x h i s t  in  c o n t r o l l i n g  t h e  seasona l  
s u c cess io n  o f  d ia to m s  8 (1) Theory  o f  th e rm a l  c o n t r o l  and
(2) Theory  of  chem ica l  c o n t r o l .  Many em inent  i n v e s t i g a t o r s ,  
n o t a b l y  Wesenberg •■■ Lund <1904)5 K o fo id  <1908) 5 R u t t n e r
<1937 b ) j  and F indenegg <1943b) r e c o g n iz e d  t h e  im p o r ta n c e  of  
t e m p e r a t u r e  in  c o n t r o l l i n g  t h e  seasona l  c y c l e  o f  d ia t o m s .  A 
c o n t r a r y  v iew  exp re ssed  by o t h e r  i n v e s t i g a t o r s  of  equal
e x p e r i e n c e ,  among whom P e a r s a l l ,  t h e  main p ro p o n en t  o f  t h e  
t h e o r y  o f  chem ica l  c o n t r o l ,  i s  t h e  most i m p o r t a n t .  P e a r s a l l  
<1923) emphasized t h e  ex t rem e  v a r i a b i l i t y  o f  t h e  t e m p e r a t u r e  
r e l a t i o n s  o f  p a r t i c u l a r  s p e c ie s  s t u d i e d  in  a w ide  ra n g e  of  
l o c a l i t i e s .  H u tch ins on  <1967) conc luded t h a t  t h e  e f f e c t  o f
t e m p e r a t u r e  may be i n d i r e c t ,  a c t i n g  i n  d i f f e r e n t  ways on 
d i f f e r e n t  b i o l o g i c a l  com m unit ies  i n  r e g u l a t i n g  c o m p e t i t i o n .  
The a p p a r e n t  dependence on t e m p e r a t u r e  may be i l l u s i o n a r y ,  
th e  r e a l  in d ep e n d en t  v a r i a b l e s  b e in g  l i g h t  or  c h e m ica l  
p a r a m e te r s  c o r r e l a t e d  w i t h  t e m p e r a t u r e .  Lund <194 9a ,  bj  
1950a,  bj  Lund e t  a l . ,  1963) suggested  t h a t  in c r e a s e d
i l l u m i n a t i o n  a lo n g  w i t h  h igh  c o n c e n t r a t i o n s  of  s i l i c a t e  and 
o t h e r  n u t r i e n t s  t o g e t h e r  c o n t r o l  t h e  seasona l  p e r i o d i c i t y  o f  
d ia to m s .  The p r e s e n t  s tu d y  i s  i n  agreement  w i t h  t h e  l a t e r
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Figure 35. Monthly mean primary production from February, 
1984 to January, 1986. Primary production is
c 2
expressed in KJ x 10 / m lake surface/month.
Pr
im
ar
y 
pr
od
uc
tio
n
o10o
( M I U O I U / _ u u / ( H x r > 0  
c s
<:::on t  ent :i. on . Dur i ng summe r ,  w h en the av a i lab i 1 i t  y o-f 1 i ght 
is  high, the minimum growth o-f diatom could be due to the 
depletion o-f nu tr ien ts  and competition with other algal  
spec i  es <H u tc h i  n s o n , 1 9 6 7 ) .
4 . 3 . 5 .  P r im a r y  p r o d u c t i o n  i
P r im a r y  p r o d u c t i o n  v a r i e d  g r e a t l y  between t h e  two years 
but t h e  seasona l  d i s t r i b u t i o n  p a t t e r n s  were s i m i l a r  ( F i g .  
35) .
In  1984 ,  p r i m a r y  p r o d u c t i o n  ranged -from 0 . 0 5  X 10 *  to  
2 4 . 4 9  X 10s KJ /m^/month and showed two d i s t i n c t  seasona l  
peaks ,  one in  J u l y  and a second s m a l l e r  one in  October , .  The 
p r o d u c t i o n  l e v e l  was v e r y  low -from F e b ru a r y  t o  A p r i l .  I t  
in c r e a s e d  t o  6 . 7 4  X 10*  KJ/nrVmonth in  May and then  a v e r y  
r a p i d  i n c r e a s e  in  June ( 2 2 . 7 3  X 10*  K J /n rV m o nth ) l e a d  to the 
h ig h e s t  l e v e l  ( 2 4 . 4 9  X 10s3 KJ/m^/month)  in  J u l y .  P r im a r y  
p r o d u c t io n  d e c l i n e d  r a p i d l y  in  August ( 1 3 . 2 3  X 10*  
KJ/m2 /month> and September <8.64 X 10*  KJ/m^/month)  and then 
i n c r e a s e d  t o  t h e  second peak in  October  <11 .26  X 10*  
KJ/ma /m o n t h ) . I t  d e c l i n e d  r a p i d l y  in  November <2 .00  X 10s3 
K J /m * /m o n th ) and a g ra d u a l  d e c l i n e  th rough  December l e a d  t o  
the  lo w e s t  l e v e l  ( 0 . 0 5  X 10*  KJ /m ^/m onth) in  J a n u a r y ,  1985.
In  1985 ,  p r i m a r y  p r o d u c t io n  ranged -from 0 . 0 4  X 10*
Page 77
T a b 1 e 6 „ P r  o d u c t  1 o r"i p r  o •£ i 1 e t  h r  o u g hi o u t  t  hi e w a t  e i'" c:: o I u m n 
t  h e t  i (ii e o f  m a « i m u m p h o t  a s y n t h e s i s  ( 1 4 .7 .1 9 8 4 )
P r im a r y  p r o d u c t i o n  
<m> (K J /m ^ /h o u r >
Sur- face 2 9 4 9 8 . 2  1 9 . 8 9
1 3 5 9 5 6 .1  2 4 . 2 5
2 2 9 0 7 2 . 4  1 9 .7 0
3 2 2 1 9 9 . 4  1 4 .9 0
4 1 4 1 0 6 .5  9 . 5 0
5 6 0 1 3 . 9  4 . 0 5
6 4 4 8 1 . 4  3 . 0 2
7 3 2 0 1 . 2  2 . 1 5
8 2 3 4 7 . 4  - 1 . 5 9
9 1 8 2 0 .2  0 . 8 6
10 1 3 2 .3  0 . 0 9
*** *** M M M NM IHM NIN NUI HM Mt M* i
I< J /  mr"” /  mon t  h t  o :l. 5 . 2 9  :l. 0 l< J /m r,V:V  mon t  h an cl a 1 so  sh  o wecl t  wo
d i  s t  :i. n c t  s e a s on a I p e a k s a n 0 1 n J u 1 y a n cl t  h 0 o t  h 0 r  :i. n
G c: t  o b 01' " " I "  h e p r  0 cl u c: t  i  0 n le v  © 1 w a b a 1 s  0 v © r  y 1 0 w -f i'“ 0 m 
F e b ru a r y  t o  A p r i l .  I t  i n c r e a s e d  v e r y  r a p i d l y  i n  May < 1 3 . 7 6  X 
105=5 K J /m 32 /month )  a n d t  h © n a s 1 i g h t  in c  r  e a s e t  hi r  0  u g h J u n © 
l ead  t o  t h e  h i g h e s t  l e v e l  <15 .29  X 10s5 KJ /m32/ m o n th ) i n  J u l y .  
P r im a r y  p r o d u c t i o n  d e c l i n e d  v e r y  r a p i d l y  in  August <4 .29  X 
10® K J /m ^ /m o n th ) and then  a g ra d u a l  i n c r e a s e  th r o u g h  
September  l e a d  t o  t h e  second peak in  O ctober  <12 .32  X 10s 
K J /m ^ /m o n th ) . I t  d e c l i n e d  v e r y  s h a r p l y  in  November < 2 .92  X 
10® KJ/m^/month)  and th en  a g ra d u a l  d e c l i n e  th ro u g h  December 
l ead  t o  t h e  lo w e s t  l e v e l  <0 .04  X 10® KJ/m^/month)  i n  Jan u a ry  
1986.
The p r o d u c t i o n  p r o - f i l e  a t  a t im e  o-f maximum p e n e t r a t i o n  
o-f sun l i g h t  and p r i m a r y  p r o d u c t i o n  t h r o u g h o u t  t h e  w a te r  
column i s  p r e s e n te d  in  T a b le  6 .  I t  was observed  t h a t  92 .297 .  
p r o d u c t i o n  o c c u r re d  in  t h e  top 5m and o n l y  7 .717.  in  t h e  
bottom 5m w a t e r .
K l a r e r  <1978) s t u d i e d  t h e  p r im a r y  p r o d u c t i o n  in  Dubh 
Lochan on an w eek ly  b a s i s  and r e p o r t e d  t h r e e  peaks o-f v e r y  
high  v a l u e s  d u r in g  l a t e  March <151 .16  X 10s KJ/ma /m o n t h > , 
l a t e  J u l y  <16 X lO^KJ/m32/month)  , and in  September <74 .9  X 
10® K J /m * /m on th )  r e s p e c t i v e l y -  However ,  t h e  m onth ly  a v e r a g e  
v a l u e s  were h i g h e r  -from F e b ru a r y  t o  A p r i l  bu t  -from May t o
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0 c t  ob e r  t  l"i e y  w e r  e muc h 1 o w e r  < 1 .6 2  X 10® K J /  m22 /  mon t  hi) t  hi an 
t  hi e p r  e s e n t  s t  u d y . 0 n a n a n n u a 1 b a s :i. s p r  i  m a r  y p r  a d u c: t  i  o n 
l e v e l  i n  t h e  p r e s e n t  s t u d y  was 9 2 . 3 5 3  X 10® K J / n r V y e a r  i n  
1984 and  7 2 . 2 7 1  X 10® KJ/m22/ y e a r  i n  1 9 8 5 .  T h i s  l a t t e r  i s  
about  t w i c e  K l a r e r ' s  ( 1 9 7 8 )  v a l u e  < 3 6 . 0 7  X :L0® K J /  
ma / y e a r ) «
However ,  p r i m a r y  p r o d u c t i o n  l e v e l s  observed  i n  t h e  
p r e s e n t  s tu d y  a r e  w e l l  w i t h i n  t h e  ran g e  r e p o r t e d  f rom  o t h e r  
t e m p e r a t e  o l i g o t r o p h i c  l a k e s .  Jonasson <1979) compared t h e  
l e v e l s  o f  p r i m a r y  p r o d u c t i o n  from 11 t e m p e r a t e  l a k e s  
i n c l u d i n g  Loch Leven < 160 .9  X 10® K J /m ^ /y e a r )  i n  S c o t l a n d  
and t h e  v a l u e s  ranged from 6 . 0  X 10® K J /m ^ /y e a r  t o  1 8 3 .1  X 
10® K J /m ^ /y e a r .
P r im a r y  p r o d u c t i o n  c l o s e l y  f o l l o w e d  p h y t o p la n k t o n  
biomass <Fig .  2 3 ) .  In  1984,  r a p i d  i n c r e a s e  i n  p r i m a r y  
p r o d u c t i o n  i n  May c o i n c i d e s  w i t h  i n c r e a s i n g  p h y t o p la n k t o n  
biomass.  D u r in g  t h i s  p e r i o d  p h y to p la n k to n  was dom inated  by 
green f l a g e l l a t e ©  and S p h a e r o c y s t i s  s c h r o e t e r i . D u r in g  t h e  
h i g h e s t  peak of  p r im a r y  p r o d u c t io n  in  June and J u l y ,  
p h y to p la n k to n  biomass a l s o  reached t o  t h e  h i g h e s t  l e v e l  and 
t h e  dominance was shared  by S p h a e r o c y s t i s  s c h r o e t e r i . 
Pinobryon  d i v e r g e n s , O o c y s t is  © p p . , and Cryptomonas spp.  
Dur ing  t h e  second and minor peak i n  O c to b e r ,  p h y t o p la n k t o n  
was a g a in  dom inated  by green  f l a g e l l a t e s .  In  1985 ,  v e r y
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r  ap i  d :i. n c r  e a s e :i, n p r  :i, mar y pi '"aduc t  i  on :i. n May w a s  c 0n t  r  :i. b u t  ®d 
by h i g h  p r o d u c t  i  on o f  D:i. n o b r  yon  d i v e r  g e n s  and  C r y p t o m o n a s  
spp» The h i g h e s t  p r i m a r y  p r o d u c t i o n  i n  J u n e  and  J u l y  was 
d u e t  o r  a p i d g r  o w t  h a f  Bp ha e r a c: y s t  i_s sc h r  o e t  e r  i , (I) a c y  s t  :i. s 
spp» , and Cryptomonas s pp .  D u r ing  t h e  second peak in  
O c to b e r ,  p h y t o p la n k t o n  was dominated by green  f l a g e l l a t e s  
and Cryptomonas spp.
A l th o u g h  t h e  seasona l  p a t t e r n s  o f  p r i m a r y  p r o d u c t i o n  in  
both t h e  y e a r s  were s i m i l a r ,  t h e  l e v e l s  d u r in g  June and J u l y  
were much h i g h e r  in  1984 than  in  1985 which c o u ld  be m a i n ly  
due t o  h ig h  i n p u t  o f  i n c i d e n t  l i g h t  e n e rg y .  A l though  t h e  
i n c i d e n t  l i g h t  ene rg y  was not  measured d u r in g  t h e  p r e s e n t  
s t u d y ,  t h e  a v e r a g e  sun sh ine  hours  d a t a  ( T a b le  1) i n d i c a t e  
t h a t  t h e  i n c i d e n t  l i g h t  energy  from J u l y  t o  September were  
much low e r  in  1985 th an  th e  yea r  b e f o r e .  Low sun s h i n e  hours  
was due t o  c lo u d  cover  i n d i c a t e d  by h igh  r a i n f a l l  i n  1985 
where as i n  1984 t h e  sun s h in e  hours  were much h i g h e r  and 
t h e  r a i n f a l l  was v e r y  low d u r in g  t h e  whole  summer. Seasonal  
v a r i a t i o n s  o f  s o l a r  l i g h t  i n p u t  i s  not  o n l y  t h e  major  reason  
f o r  seasona l  changes in  p r im a r y  p r o d u c t i o n .  O ther  f a c t o r s  of  
im p o r ta n c e  a r e  t e m p e r a t u r e ,  n u t r i e n t  a v a i l a b i l i t y ,  s p e c ie s  
c o m p o s i t io n ,  t o t a l  biomass and t u r b u l a n c e  m ix in g  ( W e s t l a k e ,  
1 9 8 0 ) .  Moss (1982 )  r e p o r t e d  t h a t  a w ide  range  o f  su b s ta n c e s  
a r e  r e q u i r e d  f o r  p h y to p la n k to n  g ro w th ,  among which pho sphate  
and n i t r a t e  have been most f r e q u e n t l y  i d e n t i f i e d  by w o rk e rs
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a s 1 :i. m i t  :i. n g n u 1 r  :i. 0 n t  s i n t 0 m j::) 0 r  a t e  1 a k 0 s „ I  n t  h 0 p r  0 s  0 n t  
s t  u c:l y , p h 0 s p |-i a t e  c 0 n c e n 1 1'" a 1 1 0 n w 0 r  e a 1 w a y b v 0 r  y 1 0 w . 
N :i. 1 1'" a t e  <::: 0 n <::: 0 n t  r  a t  i 0 0 s w 0 r‘ 0 h i  g h p t'" i  0 r  t  o t  h e h i  g h 0 s t  1 e v e 1 
of p r i m a r y  p r o d u c t i o n  in  l a t e  s p r i n g  t o  mid summer i n  both  
t  he ye a r  s W  e s 1 1 a k e < :l 900)  r  e p o r  t  e d 1 1”) a t  p h o t  o s y n t  h 0 1 i c 
e f f i c i e n c y  o f  d i f f e r e n t  s p e c ie s  o f  a l g a e  v a r i e s  g r e a t l y  
depending  on t h e  nu t  r  i e n t , l i g h t  and temp e r  a t  u r 0
r e q u i r e m e n t s .  A l though  t h e  c o n c e n t r a t i o n s  o f  key n u t r i e n t s  
were low d u r i n g  t h e  whole  summer, h igh  p r i m a r y  p r o d u c t i o n  
d u r in g  t h i s  p e r i o d  were c o n t r i b u t e d  m a in ly  by green  a l g a e  
which can f l o u r i s h  in  n u t r i e n t  poor w a te r  ( H u tc h in s o n ,  1967)  
when t h e  i n c i d e n t  l i g h t  energ y  i s  h ig h .  The minor  peak of  
p r i m a r y  p r o d u c t i o n  was c o n f in e d  in  O ctober  j u s t  a f t e r  t h e  
autumn o v e r t u r n  i n  both t h e  y e a r s .  T h is  peak i s  l i k e l y  t o  b e  
r e l a t e d  w i t h  in c r e a s e d  n u t r i e n t  l e v e l s  e s p e c i a l l y  phosphate  
a t  a t i m e  when t h e  i n c i d e n t  l i g h t  energ y  was d e c l i n i n g .  The 
r a p i  d d e c l i n e  o f  pr  i mary p r o d u c t i  on a f t e r  t h e  autumn peak  
and v e r y  low l e v e l s  f rom December t o  F e b ru a r y  may have been 
a r e f l e c t i o n  o f  t h e  i n c r e a s i n g  im p o r ta n c e  o f  l i g h t  as  
l i m i t i n g  f a c t o r  (Moss, 1 9 7 3 ) .  In t e m p e r a t e  r e g i o n s ,  an e a r l y  
s p r i n g  peak of  p r i m a r y  p r o d u c t io n  i s  f r e q u e n t l y  observed  due 
t o  h ig h  p r o d u c t i o n  o f  d ia tom s which need f a i r l y  h ig h  
c o n c e n t r a t i o n s  of  n u t r i e n t s  ( H u tc h in s o n ,  1 9 6 7 ) .  In  t h e  
p r e s e n t  s t u d y ,  no e a r l y  s p r i n g  peak in  p r im a r y  p r o d u c t i o n  
was r e c o r d e d  which co u ld  be due t o  low c o n c e n t r a t i o n s  of  
n u t r i e n t s  a l th o u g h  d ia tom  p r o d u c t i o n  i n c r e a s e d  s l i g h t l y .
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S E C O  fixl i:> f t  F t Y  F“" R  O  O  U  C  T “ I  O | \ l
5 . 1 .  I n t r o d u c t i o n  s
Z o o p lan k to n  i n  g e n e r a l  and R o t i f e r s ,  Copepods and 
C la d o c e r a n s  i n  p a r t i c u l a r  a r e  t h e  l a r g e s t  groups of  
organ ism s i n  t h e  p l a n k t o n  community i n  Dudh Lochan.  They  
a r e  t h e  m a jo r  d i r e c t  consumers o-f p h y t o p l a n k t o n ,  g r a z i n g  on 
a w ide  v a r i e t y  o-f s p e c ie s  < Hutch i n s o n , 1967; P o r t e r ,  1973 ,  
1 9 7 5 ) .
They p l a y  im p o r t a n t  r o l e  in  t h e  ene rg y  t r a n s f e r  
process  in  a q u a t i c  ecosystems in  secondary  l e v e l .  K l a r e r  
(1978)  s t u d i e d  t h e  p l a n k t o n  in  Dubh Lochan and t h e  en e rg y  
■flow -from p h y t o p la n k t o n  t o  zoop la n k  ton  were ass esse d .  The 
main purpose  o-f t h e  p r e s e n t  s tu d y  i s  t o  - fo l low  t h e  e n e rg y  
•flow from p h y t o p la n k t o n  th rough  se s to n  t o  t h e  s e d im e n t .  
Zoop1ank ton  was o n l y  c o n s id e r e d  in  so f a r  as i t  i s  a n o th e r  
d e s t i n a t i o n ,  a l th o u g h  a f t e r  t h e i r  d ea th  and d e c o m p o s i t io n ,  
thejy a l s o  j o i n  se s to n  and s ed im en t .
Two g e n e r a l  k in d s  o f  approaches  f o r  sec o n d ary  
p r o d u c t i o n  measurements were suggested  by Edmondson &
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*A1though t h e  whole  sample was scanned f o r  zoop l  ankton  
e n u m e r a t io n ,  t h e  c o n t e n t s  of  11 w a te r  i s  p r o b a b ly  t o o  low to  
r e p r e s e n t  t h e  s p a rs e  p o p u l a t i o n  of  Copepods and C la d o c e r a n s .  
No e f f o r t  was made f o r  a r e p r e s e n t a t i v e  sample because t h is ,  
i s  a n o th e r  d e s t i n a t i o n  o f  energ y  f l o w  and n o t  t h e  m ajor  aim 
of  t h e  p r e s e n t  s t u d y .
W i n b e r  g ( 19 7 1 ) , t  hi r  o u g h p o p l a  .1 a t  i  o n cl y  n a m :i. c: s a n d t  hi © 
p hi y  s  i  o 'I. o  g :i. c a 1 a p p r  o a c h i. B e  <::: a l a  b e o f  t  hi e p r  o to 1 e m s  a  f  a e c l a  i'” a t  e 
m e a s  l a  r  © m e rit o f  s  e c o n d a r  y  p r  o cl l a  c: t  i  o  n cl l a  e t  o i  t  s  c: o m p 1 © x 
ii a t  u r  e , t  hi © p o p u 1 a t  i a n d y n ami cs approach was c o n s :l d e r  © d in  
th© p r e s e n t  s t u d y .  Thus t h e  z o o p la n k to n  biomass ( n u m b e r /1 > 
along  w i t h  t h e  seasona l  p a t t e r n s  o-f i n d i v i d u a l  s p e c ie s  a r e  
r e p o r t e d  i n  t h i s  c h a p t e r .
5 . 2 .  M a t e r i a l s  and Methods s
Z o o p la n k to n  were counted u s in g  t h e  same sam ples  
c o l l e c t e d  -for p h y to p l  ankton e n u m e ra t io n  e v e r y  - f o r t n i g h t  a t  
s t a t i o n  1,  -from s u r f a c e ,  1m, 3m, 5m and 10m depth  between  
J a n u a r y ,  1984 and December, 1985.  The d e t a i l  p r o c e d u r e  -for 
t h e  p r e p a r a t i o n  o-f t h e  samples has a l r e a d y  been d e s c r ib e d  
in  t h e  m a t e r i a l s  and methods s e c t i o n  in  C h a p te r  4 
(P h y t o p la n k to n  and p r im a r y  p r o d u c t i o n ) .  The whole  bot tom  
a re a  o-f t h e  c o u n t in g  chambers were scanned under  a low  
m a g n i f i c a t i o n  (20x)  u s ing  an i n v e r t e d  m icroscope  and t h e  
• f ina l  c a l c u l a t i o n s  were expressed  as n u m b e r / l .  # s e e  o p p o s i t e , .
Copepods were i d e n t i f i e d  a c c o rd in g  t o  H a rd in g  & Smith  
(1974)  ,, C la d o c e r a n s  were i d e n t i  f i e d  a c c o r d in g  t o  S c o u r f i e l d  
& H a rd in g  ( 1 9 6 6 ) .  R o t i f e r s  were i d e n t i f i e d  a c c o r d in g  t o  
Pont in  (1978 )  and R u t t n e r  -  K o l i s k o  ( 1 9 7 4 ) .  The 
i d e n t i f i c a t i o n s  were n o r m a l ly  checked by Dr .  R. T i p p e t t .
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T a b 1 e 7 S p e <:: i e s c o m p o s i t  i o r"i a n cl a b u r"i c;l a n c: e o f  z. o a p 1 a n k t  o n 
i n  Dubh Lochan,.
Number Abundance S p e c ie s
Phulum s A r th r o p o d a  
C la s s  s C r u s ta c e a  
Order  8 Copepoda
1 + A c an th o cyc lo p s  1a t i p e s  Lowndes
2 + P i a c y c lo p s  1o n g u i c l o i d e s  h y p n i c o l a
Gurney
3 + Eu cyc lops  s e r r u l a t u s  F i s h e r .
4 + * H a l i c y c l o p s  aequordus F i s h e r .
5 + Par a c y c l  ops -f i mbr i a t u s  F i s h e r .
6 A Eudiaptomus g r a c i 1 i s  S a rs .
Phylum s A r th ro p o d a  
C la s s  s C ru s ta c e a  
Order  s C la d o c e r a
B +
Alona c o s t a t a  S a rs .  
A. gu t t a t a  S a rs .
9 H- A 1 on 0 11 a ex <:: :i. ba F i  sh e r  „
10 "I- wAn ex 1 g ua L i l l j e b o r g
11 "|" A1 on op s i  s e l  on g a t  a S a r s .
12 + * A n c h is t r o p u s  e m a r g in a t u i  S a rs .
13 + Bosmoina c or  eg on i B a i r d
14 + C e r io d a p h n ia  q u a d ra n g u la  Q .F .  M u l l e r
15 C #C._ r e t i c u l  a t a  J u r i n e
16 + * Chydorus 1 a t u s  S a rs .
17 + #C;_ ova l  i s Kurz .
IS  + Daphnia  h y a l i n a  v a r .  l a c u s t r i s  S a rs .
19 + Pi aphanosoma brachyurum L i  even
20 + E u ry c e rc u s  1am e l1a t u s  O .F .  M u l l e r
21 + H o ioped i  urn glbberum Zaddach
Phylum s A s c h e lm in th e s  
C la s s  # R o t i f e r a
22 + Asplanchna p r i o d o n t a  Gosse
23 •+• Asplanchnopus m u l t i c e p s  Schrank .
24 + Ascomorpha ecaudi  s P e r t y
25 + *Aj.__ ova l  i s Car 1 i  n
26 H" A^ sa l  t a n s  B a r ts c h .
27 •+• Conochi 1 us u n i c o r n i s  R o u s s e le t
28 + Ep iphanes  macrourus Paday
29 + E» s e n ta  M u l l e r
30 + E u c h l a n is  d i l a t a t a  Eh r .
31 ■+■ F :i. 11 n :i. a t  e r  m :i. n a 1 :i. <:;> P l a t e
32 4. *Gaistropus sp „
«!!' "n»•,S» C K e 11 :i. c a 11 :i. a 1 o n q i s p :i, n a K e 11 i c o 11,
34 *1" K e r a t e l  1 a each 1 e a r  :L s Gosse
35 c K. q uad r a t a  M u l l e r
36 + K. q u a d r a ta  v a r ,  c u r v l c o r n i ®  Ehr*
37 +• K. q u a d r a ta  v a r .  t e s t u d o  Ehr .
36 + K. q u a d r a ta  v a r .  v a l q o i d e s  Edm. & H u tch .
39 K. s e r r u l a t a  v a r .  c u r v i c o r n i s  R y lo r
40 + Lecane logona Dunlop
41 + * L ,, 1 u n a r i  s Ehr .
42 + L. p o l e n e n s is  M« V o i g h t .
43 *+• L. rhenana  Hauer .
44 + L. s a g i n a t a  H a r r .  U. My.
43 + #Lecane sp«
46 + L e p a d e l 1 a o v a l i s  M u l l e r
47 + Monommata l o n g i s e t a  M u l l e r
48 M a n o s ty la  1u n a r i s  Eh r .
49 + P l a t y i a s  q u a d r i c o r n i s  Eh r .
30 + Ploesoma hudsoni Imho-f.
31 P. t ru n c a tu m  Lavender
32 c P o l y a r t h r a  v u l g a r i s  C a r l i n
33 + #S ynchaeta  ob longa  Eh r .
34 S. p o e t i n a t a  Ehr .
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57
C
L ° OS.L®.® 1L& ®<: r  a 11 ^  
■I s i  m i l. i. s W :i, e r  z e ,;j b k i
r  :L <:: h o t  r  i a t 0 t  r  a c 'I: :i. s E h r
fit r e p r e s e n t s  abundant  s Occur i n  more th an  90% o-f t h e
samples and o-f t e n  r e p r e s e n t s  more th an  257. o-f t h e  
communi t y .
C r e p r e s e n t s  common s Occur in  between 337. and 667. o-f t h e  
sam ples ,  sometimes r e p r e s e n t s  more th an  107. o-f t h e  
communi t y .
F r e p r e s e n t s  - fa i th - fu l  s Occur in  more than  667. of- t h e
samples bu t  n ever  r e p r e s e n t  more than  17. o f  t h e  community.
R r e p r e s e n t s  r a r e  8 Occur in  between 337. and 667, o f  t h e  
samples bu t  n ev er  r e p r e s e n t  more than  17. o f  t h e  community.
+ r e p r e s e n t s  p r e s e n t  s Occur in  l e s s  th an  337. o f  t h e
samples and n ever  r e p r e s e n t  more than  17. o f  t h e  community.
5 .. 3 , R 0 s u I t s  a n d D i s c u s s :L a n
5 . 3 . 1 .  S p e c ie s  c o m p o s i t io n  s
A t o t a l  o-f 57 s p e c ie s  o-f z o o p la n k to n  were i d e n t i f i e d  
i n  t h e  p r e s e n t  s t u d y .  A l i s t  o-f t h e  s p e c ie s  a lo n g  w i t h  
t h e i r  abundance a r e  p r e s e n te d  in  T a b le  7 .  Among 
z o o p la n k t o n ,  t h e r e  were 6 s p e c ie s  o-f Copepoda, 15 s p e c ie s  
of  C la d o c e r a  and 36 s p e c ie s  of  R o t i f e r a .  A l th o u g h  many 
s p e c ie s  o f  R o t i f e r a  were p r e s e n t ,  o n l y  4 s p e c ie s  were in  
s u f f i c e n t  numbers t o  show d i s t i n c t  seasona l  and v e r t i c a l  
d i s t r i b u t i o n  p a t t e r n s .
K l a r e r  <1978) r e p o r t e d  50 s p e c ie s  of  z o o p la n k to n  in  
Dubh Lochan.  The p r e s e n t  s tu d y  adds 1 s p e c ie s  o f  Copepoda,  
5 s p e c ie s  o f  C la d o c e r a  and 5 s p e c ie s  o f  R o t i f e r a  t o  t h e  
e x h i a t i n g  s p e c ie s  l i s t  o f  z o o p la n k to n .  The new ly  r e c o r d e d  
s p e c ie s  a r e  p r e s e n te d  w i t h  an a s t e r i s k  mark ( T a b l e  7 > . One 
s p e c ie s  of  Copepoda, 2 s p e c ie s  o f  C la d o c e r a  and 1 s p e c ie s  
of R o t i f e r a  which were r e c o rd e d  e a r l i e r  were no t  observed  
in  t h e  p r e s e n t  s tu d y .
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Figure 36. Seasonal variations of zooplankton biomass from 
January, 1984 to December, 1985. Isopleths are 
expressed as number/l.
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15» 3« 2 .  Z o o p I a n k t  o n b i o m a s s ( 0  x p r  0 s s 0  d a s n u m b 0 r  /1  ) a n d 
c. o m m u n i  t  y p a 11 e r  ri s s
Z o o p la n k to n  biomass showed d i s t i n c t  s ea so n a l  and 
s t r o n g  v e r t i c a l  d i s t r i b u t i o n  p a t t e r n s  <F ig .  3 6 ) .  I t  showed 
t h r e e  d i s t i n c t  sea so n a l  peaks w i t h  c o n s i d e r a b l e  v a r i a t i  ons  
between t h e  two y e a r s .
In  198 4 ,  z o o p la n k to n  biomass was v e r y  low i n  J a n u a r y  
and F e b r u a r y .  A g r a d u a l  i n c r e a s e  -from mid March r e s u l t e d  an 
e a r l y  summer peak i n  mid June when t h e  l a k e  was t h e r m a l l y  
s t r a t i  t i e d  and t h e  s u r f a c e  w a te r  t e m p e r a t u r e  was about  
18°C.  D u r in g  t h i s  p e a k ,  h i g h e s t  p o p u l a t i o n s  were r e c o r d e d  
between 5 and 10m d e p th .  The biomass d e c l i n e d  g r a d u a l l y  in  
J u l y  and i n c r e a s e d  su d d en ly  t o  i t s  second peak i n  mid 
August  when t h e  s u r f a c e  w a te r  t e m p e r a t u r e  was a p p r o x i m a t e l y  
20°C and t h e  oxygen s a t u r a t i o n  in  t h e  h y p o l im n io n  was v e r y  
low.  T h i s  peak was about  4 t im e s  b i g g e r  th an  t h e  e a r l i e r  
one i n  June and showed s t r o n g  v e r t i c a l  s t r a t i f i c a t i o n  w i t h  
h i g h e s t  numbers i n  t h e  m id d le  o f  t h e  w a te r  column between 3 
and 8m d e p th .  From l a t e  August t o  mid Se p te m b er ,  i t  
d e c l i n e d  s l o w l y  b e f o r e  i n c r e a s i n g  r a p i d l y  in  O c to b e r  
r e s u l t i n g  i n  a t h i r d  and h i g h e s t  peak when t h e  w a te r  was 
i s o t h e r m a l  and t h e  t e m p e r a t u r e  was about  l l t::>C. The b iomass  
d e c l i n e d  s h a r p l y  t h r o u g h o u t  t h e  w a te r  column i n  November
Fage 85
and re a c h e d  t o  i t s  lo w e s t  l e v e l  in  December..
I n 1985 , aop 1 an k t  on b i omass i n J an uar  y an d Feb r  uar  y 
were c o m p a r a t i v e l y  h i g h e r  th an  t h e  y e a r  b e f o r e  and showed 
s t r o n g  v e r t i c a l  s t r a t i f i c a t i o n  w i t h  maximum numbers between  
1 and 3m depth..  A g r a d u a l  i n c r e a s e  f rom  mid March l e a d  t o  
i t s  s p r i n g  maximum in  mid A p r i l  and e a r l y  May. D u r in g  t h i s  
p e a k ,  t h e  b iomass was h ig h  f rom 2 t o  5m dep th  and t h e  
h i g h e s t  numbers were observed  between 8 and 10m dep th  in  
t h e  h y p o l im n io n  as i n  t h e  y e a r  b e f o r e .  A f t e r  t h e  s p r i n g  
maximum, i t  d e c l i n e d  s l o w l y  i n  mid May and f rom  e a r l y  June ,  
a r a p i d  i n c r e a s e  r e s u l t e d  a second maximum i n  l a t e  June and 
e a r l y  J u l y  w i t h  h i g h e s t  numbers i n  t h e  e p i l i m n i o n .  The  
biomass d e c l i n e d  g r a d u a l l y  f rom l a t e  J u l y  t o  August  and 
th en  a r a p i d  i n c r e a s e  f rom e a r l y  September le a d  t o  a t h i r d  
maximum in  l a t e  Septem ber .  D u r in g  t h i s  pe a k ,  i t  showed 
s t r o n g  v e r t i c a l  s t r a t i f i c a t i o n  w i t h  h i g h e s t  numbers i n  t h e  
upper  2m w a t e r .  D u r in g  t h e  whole  summer, t h e  b iomass in  t h e  
upper  w a t e r s  were h i g h e r  than  t h e  bot tom  w a t e r s .  
M y p o l im n e t i c  b iomass d u r i n g  a n o x ic  c o n d i t i o n  i n  l a t e  J u l y  
and August  d e c re a s e d  s h a r p l y  w h i l e  t h e  e p i l i m n e t i c  b iomass  
rem ained  h i g h .  No autumn peak was observed  in  1985 b u t  t h e  
numbers i n  November and December were much h i g h e r  th a n  t h e  
y e a r  b e f o r e  showing s t r o n g  i n v e r s e  s t r a t i f i c a t i o n  w i t h  
maximum numbers f rom  5 t o  10m d e p th .
The s p r i n g  peak in  1985 ,  c o i n c i d e d  w i t h  t h e  h i g h e s t
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p r  o d u c t  :i. o n o f  s p r  :i. n g d i a t  a m s » T h e e a r  1 y s u m m e r  p e a k
c a :i. n c :i. d e s w i t  h h 1 g h e s t  p r  o d u c t  :i. o n a f  p h y t  o p 1 a n k t  o n b i o m a s s
(Fig,.  23)  i nc 1 ud i ng peaks of  s e v e r  a 1 spet:: ;L es name 1 y
S p h a e r o c y s t i s  s c h r oe t e r 1 ( F i g .  2 4 ) ,  P i n o b r y o n d i v e r g e ns 
( F i g .  25 )»  O o c y s t i  s s p p . ,  ( F i g .  26)  and C ryp tomas s p p . ,  
( F i g .  2 8 ) .  The l a t e  summer and autumn peak o c c u r r e d  a t  t h e  
same t i m e  as t h e  second peak o f  g reen  f l a g e l l a t e s  (Fig, .  
27)  , D_._ d i  v e r q e n s , O o c y s t i s  spp.  , and B o try o c o c c u s  br a u n i i
( F i g .  29)  a lo n g  w i t h  t h e  autumn peaks o f  d ia to m s .  The 
p o p u l a t i o n  o f  a d u l t  Eudi aptomus g r a c i 1 i s  dom inated  t h e  
s p a r s e  z o o p la n k to n  community d u r i n g  t h e  w i n t e r  months.  In  
e a r l y  s p r i n g ,  n a u p l i u s  p r o d u c t i o n  in c r e a s e d  w i t h  i n c r e a s i n g  
t e m p e r a t u r e  and t h e  m a t u r a t i o n  o f  t h e  n a u p l i i  i n  t o
c o p e p o d i t e  and th e n  a d u l t s  le a d  t o  a r a p i d  r i s e  of  t h e  
p o p u l a t i o n  d u r i n g  l a t e  May and e a r l y  June.  K e r a t e l 1 a 
q u a d r a t a  had dom inated  t h e  community in  March and A p r i l  but  
was a g a in  o v e r t a k e n  by Eudi apt omus g r a c i 1 i s in  May. As t h e  
p o p u l a t i o n s  o f  E_. g r a c i  1 i s  d e c l i n e d  i n  e a r l y  June ,  K. 
q u a d r a t a  a g a in  dom inated  a f t e r  a d e c l i n e  in  May. In  l a t e  
June and e a r l y  J u l y ,  Ke l l i c o t t i a  1ongi sp i  na and 
C e r i o d a p h n i a  r e t i c u l a t a  c o i n c i d e d  w i t h  t h e  h i g h e s t  l e v e l  of  
p h y t o p la n k t o n  p r o d u c t i o n .  As t h e s e  dom inant  s p e c ie s  
d e c l i n e d  i n  number, T r i  c h o c e rc a  s i  mi 1 i s r e p l a c e d  t h e  
dominance i n  l a t e  J u l y  and August .  However ,  both  n a u p l i u s  
and a d u l t  p o p u l a t i o n s  o f  g r a c i 1 i s  i n c r e a s e d  t o  a second  
peak and was second i n  o r d e r  o f  Im p o r ta n c e  d u r i n g  t h i s
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t  :i. m e I n 8 ep t  emb e r  anc:l □c t  ob e r  , Pol y a r  t  h r  a v u I gar' i s was t  he 
d o m i n a n t  s p e <::: i e s f o 1 3. o w (■:•:■? d b y t  h e n a u p 3. :i. u s o f  E . g r  a c i 3. :i. s 
and !<_»_ l o n g i  sp i n a . However ,  C. r e t i c u l a t a ,  T„ s i  m i l  i s  and 
l< ■ quad r a t a  w e r  e a 1 s o a b s e r  v  e d i n c o n s i d e  r  a b I e n u m b e i;" s . I  n 
November and December, z o o p la n k to n  p o p u l a t i o n s  w e r e  
g e n e r a l l y  v e r y  low and no s p e c ie s  dom ina ted  a l th o u g h  
R o t i f e r s  were c o m p a r a t i v e l y  h i g h e r  th a n  t h e  o t h e r  groups of  
z o o p l a n k t o n .
K l a r e r  < 1978 ) r e p o r t e d  t h a t  Copepods dom inated  in  
w i n t e r  and e a r l y  s p r i n g  w i t h  h i g h e s t  numbers o f  E, 
g r a c i 1 i s . D u r in g  t h e  summer months,  Copepods,  C la d o c e r a n s  
and R o t i f e r s  were p r e s e n t  i n  s i m i l a r  n u m b e rs 'b u t  R o t i f e r s  
o f t e n  d o m in a te d .  In  autumn z o o p la n k to n  were  r e p o r t e d  t o  be  
v e r y  low b u t  t h e  R o t i f e r s  a l s o  dom inated  t h e  z o o p la n k to n  
com m unity .
In  t h e  p r e s e n t  s t u d y ,  Copepods dom ina ted  i n  w i n t e r  and 
e a r l y  s p r i n g .  D u r in g  t h e  whole  summer, t h e  R o t i f e r s  were  
dom inant  and i n  autumn t h e  numbers o f  z o o p la n k to n  were a l s o  
low and no d i s t i n c t  dom inant  p a t t e r n  c o u ld  be e s t a b l i s h e d .
5 . 3 . 3 .  I n d i v i d u a l  s p e c ie s  p a t t e r n  t
A l th o u g h  57 d i f f e r e n t  s p e c ie s  and v a r i e t i e s  o f  
z o o p la n k to n  were i d e n t i f i e d  i n  t h e  p r e s e n t  s t u d y ,  o n l y  6
Page 88
Figure 37. Seasonal variations of Eudiaptomus gracilis 
(nauplius) from January, 1984 to December, 
1985. Isopleths are expressed as number/l.

s p e <::: i e s w e r  e r  0 c o r  c:t 0  d ■{' r  0 q u 0  n 1 1 y 0 n o u g h t  o p e r  fYt i t  a n 
0 x a m :i. n a t  i o n o -f i n d :i. v :i. d u a 1 s 0 a 0 o n a I s u c c 0 s s i o n a n d v 0  r  t  i c a 1 
d i 0 1 r  i b u t  i o n p a 1 1 0 r  n s „
5 . 3 . 3 . 1 »  Eudi aptomus g r a c i 1 i s a
Eudiaptomus g r a c i 1 i s  was t h e  most common Copepod in  t h e  
p l a n k t o n  o-f t h e  Dubh Loch an and was p r e s e n t  th r o u g h o u t  t h e  
y e a r .  The p a t t e r n s  o f  egg p r o d u c t io n  was not  a n a ly z e d .  The 
v a r i o u s  n a u p l i a r  s ta g e s  were bu lked  t o g e t h e r  i n  t h e  p r e s e n t  
s tu d y .  N a u p l i i  were a l s o  p r e s e n t  th ro u g h o u t  t h e  y e a r ,  bu t  
p o p u l a t i o n s  showed c o n s i d e r a b l e  v a r i a t i o n s  between t h e  two  
y e a r s  <F ig .  3 7 ) .
In  1984 ,  t h e  n a u p l i i  were v e r y  low in  J a n u ary  and 
F e b r u a r y .  Numbers in c r e a s e d  g r a d u a l l y  -from March and reac hed  
t o  a - f i r s t  maximum in  e a r l y  June. Dur ing  t h i s  pea k ,  maximum 
p o p u l a t i o n s  were observed in  th e  bottom 5m w a te r  bu t  
c o n s i d e r a b l e  numbers were a l s o  observed in  t h e  e p i l i m n i o n .  
The p o p u l a t i o n s  d e c l i n e d  s h a r p ly  in  l a t e  June and e a r l y  J u l y  
and a g a in  in c r e a s e d  t o  a second peak in  l a t e  J u l y  t o  e a r l y  
August .  T h i s  peak was s i m i l a r  in  s i z e  and t h e  maximum 
p o p u l a t i o n s  were a l s o  observed in  t h e  h yp o l im n io n  but  t h e  
p o p u l a t i o n  l e v e l  in  t h e  e p i l i m n i o n  was v e r y  low.  I t  d e c l i n e d  
s l i g h t l y  i n  mid August and a ga in  in c r e a s e d  t o  a t h i r d  peak 
d u r in g  l a t e  August and e a r l y  September.  T h is  peak was about
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popu 1 a t  i qns were 0 bs0 r v 0 cl i n t h 0  e p i !}. :i. mni 0 n and t h e  nurrib0 r  s 
d e c l i n e d  w i t h  i n c r e a s i n g  depth,, A f t e r  t h e  pea k ,  i t  d e c l i n e d  
r a p i d l y  in  September and t h e  p o p u l a t i o n s  were v e r y  low from  
O ctober  t o  December.
In  1985 ,  n a u p l i i  were absent  i n  Jan uary  and F e b r u a r y .  A 
r a p i d  i n c r e a s e  from mid March r e s u l t e d  in  peak numbers in  
A p r i l .  At t h i s  t i m e ,  t h e  g r e a t e s t  p o p u l a t i o n s  were observed  
in  t h e  upper  5m w a t e r .  A f t e r  t h e  peak ,  t h e  p o p u l a t i o n s  
d e c l i n e d  r a p i d l y  i n  e a r l y  May. From l a t e  May, i t  d e c l i n e d  
g r a d u a l l y  and reached t o  i t s  lo w e s t  l e v e l  in  l a t e  J u l y  and 
t h e  same l e v e l  c o n t in u e d  th rough  t h e  r e s t  o f  t h e  y e a r .
K l a r e r  <1978) r e p o r t e d  a s i n g l e  s p r in g  peak of  n a u p l i i  
in  1974 and 1976 and two peaks ,  one in  s p r i n g  and a second  
one in  summer in  1975.  Hutch inson  < 1967 ) r e p o r t e d  t h a t  in
Europe E. g r a c i 1 i s  may breed th ro u g h o u t  t h e  y e a r  bu t  t h e r e  
a r e  o f t e n  p e r i o d s  in  which t h e  p r o d u c t io n  o f  eggs and 
n a u p l i i  a r e  p a r t i c u l a r l y  i n t e n s e .  A s p r in g  maximum in  egg 
and n a u p l i i  p r o d u c t i o n  seems t o  be common but  t h e r e  a r e  
s e v e r a l  r e p o r t s  o f  second and t h i r d  maxima d u r in g  e a r l y  and 
l a t e  summer (Gurney,  1931 $ K u n tz e ,  1938 and E l s t e r ,  1 9 5 4 ) .
The a d u l t  p o p u l a t i o n s  of  E^ g r a c i 1 i s  were a l s o  p r e s e n t  
th r o u g h o u t  t h e  y e a r  exc ep t  in  J a n u a r y ,  1984 and showed
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Figure 38. Seasonal variations of Eudiaptomus gracilis 
(adult) from January, 1984 to December, 1985. 
Isopleths are expressed as number/l.
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c o n s :i. <::l e r  a b 1 e v a r  i a t  :i. g  n s b 0 1 w 0 0 n t. h 0 1: w o y 0 a r  s ( F :L g . 3 8 ) ..
"I"he h i  g h ©s t  p o p u  1 a t  i  o n s  w e r e  a], ways  o b s 0 r v 0cl :i. n t h e  u p p 0 r  
•few m e t r e s  w a t e r  e x c e p t  i n  J u l y  and S e p t e m b e r .
In  1984 ,  p o p u l a t i o n s  were low in  F e b ru a r y  and March.  A 
g ra d u a l  i n c r e a s e  'from A p r i l  l ead  t o  i t s  - f i r s t  peak in l a t e  
May and e a r l y  June which d e r i v e d  -from t h e  s p r i n g  peak of  
n a u p l i i  ( F i g .  3 7 ) .  Dur ing  t h i s  pea k ,  t h e  h i g h e s t  
p o p u l a t i o n s  were observed in  t h e  upper  3m w a t e r .  The 
p a p u l a t i o n s  d e c l i n e d  s h a r p ly  in  l a t e  June and e a r l y  J u l y .  I t  
in c r e a s e d  r a p i d l y  in  t h e  hyp o l im n io n  in  mid J u l y  and reac hed  
t a  a second peak in  l a t e  J u ly  t o  e a r l y  August which i s  due  
t o  t h e  n a u p l i i  produced d u r in g  t h e  peak in  e a r l y  June* (Fig.  
3 7 ) .  At t h i s  t i m e ,  t h e  maximum p o p u l a t i o n s  were observed  
between 8 and 10m depth  a l th o u g h  t h e  oxygen s a t u r a t i o n  (Fig.  
5) in  t h e  h y p o l im n io n  was low. The p o p u l a t i o n s  d e c l i n e d  
s h a r p l y  in  August and a g a in  in c r e a s e d  t o  a t h i r d  peak in mid 
September.  T h i s  peak was s i m i l a r  t o  t h e  second peak in  e v e r y  
r e s p e c t .  A f t e r w a r d s ,  i t  d e c l i n e d  s h a r p ly  in  l a t e  September  
and low numbers remained u n t i l  l a t e  O ctober  and a g a in  
i n c r e a s e d  s l i g h t l y  in  November and December.
In  1985 ,  E» g r a c i l i s  showed t h r e e  d i s t i n c t  seasona l  
peaks and t h e  h i g h e s t  p o p u la t i o n s  were g e n e r a l l y  observed  in  
th e  upper 4m w a t e r .  The - f i r s t  peak was in  l a t e  Jan uary  and 
e a r l y  F e b r u a r y  which cou ld  be due t o  t h e  l a t e  summer n a u p l i i
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and a g r a d u a l  i n c r e a s e  - from May l e a d  t o  i t s  s e c o n d  max imum 
d u r in g  l a t e  May and e a r l y  June which i s  due t o  t h e  max imum 
p r o d u c t i o n  of  n a u p l i i  i n  A p r i l  ( F i g .  3 7 ) .  T h i s  p e a k  was
about  2 . 5  t im e s  b i g g e r  than  t h e  w i n t e r  one and t h e  h i g h e s t  
p o p u l a t i o n s  were observed in  t h e  upper 5m w a t e r .  A f t e r  t h i s  
peak ,  t h e  p o p u l a t i o n s  d e c l i n e d  g r a d u a l l y  th ro u g h  J u l y  and 
August and a g a in  i n c r e a s e d  s l i g h t l y  in  t h e  e p i l i m n i o n  i n  
September .  The p o p u l a t i o n  l e v e l  -from O ctober  t o  December-
rem ained  v e r y  low.
K l a r e r  (1978)  observed d i f f e r e n t  p a t t e r n s  o-f sea sona l  
s u c cess io n  o-f E.__ g r a c i  1 i s  in  h i s  t h r e e  y e a r s  s tu d y  p e r i o d  in  
Dubh Lochart « In  1974,  i t  showed two maxima, one i n  s p r i n g  
and a second one in  l a t e  summer, a s i n g l e  summer maximum in
1975 and no d i s t i n c t  peak in  1976 a l th o u g h  t h e  p o p u l a t i o n s
remained h i g h .  Endiaptomus g r a c i 1 i s  i s  a l s o  an im p o r t a n t  
component o-f z o o p la n k to n  in  Loch Lomond w i t h  s p r i n g  and 
summer maximum (Chapman, 1 9 6 9 ) .  H u tch inson  (1967)  r e p o r t e d  
t h a t  in  Eu ro pe ,  t h e  a d u l t  p o p u la t i o n s  o-f E_._ g r a c i  1 i s  a r e  
common t h r o u g h o u t  t h e  yea r  but  t h e r e  a r e  o-f t e n  p e r i o d s  in  
which t h e  s p e c ie s  i s  abundant depending on t h e  a v a i l a b i l i t y  
o-f -food and optimum e n v i ro n m e n ta l  c o n d i t i o n .  However ,  i t  
seems t h a t  t h e  s p e c ie s  shows d i f f e r e n t  p a t t e r n s  o f  seasona l
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Figure 39. Seasonal variations of Ceriodaphnia reticulata 
from January, 1984 to December, 1985. Isopleths 
are expressed as number/l.
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s p r i n g  and  summer p e a k s  a r e  common and  t h e  w i n t e r  and  a u tu m n  
p e a k s  a r e  r a r e .
In  t h e  p r e s e n t  s t u d y ,  t h r e e  d i s t i n c t  a d u l t  g e n e r a t i o n s  
were observed  in  1984 and a s i n g l e  g e n e r a t i o n  in  1985 based  
on t h e  n a u p l i i  peaks.  K l a r e r  <1978) r e p o r t e d  t h r e e  d i s t i n c t  
a d u l t  g e n e r a t i o n s  o-f E « g r a c i  1 i s  in  Dubh Lochan but  Chapman 
(1969)  observed  two a d u l t  g e n e r a t i o n s  in  Loch Lomond., 
However ,  i t  can be concluded t h a t  E._ g r a c i  1 i s  p o p u l a t i o n s  
show d i - f - fe re n t  seasonal  success ion  p a t t e r n s  in  d i - f - fe re n t  
ecosystems and g r e a t  v a r i a t i o n s  may a l s o  occur  in  t h e  same 
e n v i ro n m en t  i n  d i - f - fe ren t  y e a rs  and u n l i k e  o t h e r  s p e c i e s ,  i t  
i s  d i f f i c u l t  t o  g e n e r a l i s e .
5.  3,, 3 .  2 .  Cer i odaphni  a r e t  i cul  a t  a 1
Ce r i o d a p h n i a  r e t i c u l a t a , t h e  most common C ladocerar i  
s p e c ie s  was p r e s e n t  th ro u g h o u t  t h e  yea r  exc e p t  i n  J a n u ary  
and F e b r u a r y .  I t  showed a s i n g l e  peak in  summer in  1984 and 
t h r e e  d i s t i n c t  seasonal  peaks in  s p r i n g ,  mid summer and 
e a r l y  autumn i n  1985 ( F i g .  3 9 ) .
In  1984 ,  a g ra d u a l  i n c r e a s e  from e a r l y  May l e a d  t o  a 
peak i n  mid June.  Dur ing  t h i s  peak ,  t h e  p o p u l a t i o n s  
In c r e a s e d  w i t h  i n c r e a s i n g  depth and t h e  h i g h e s t  numbers were
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i n c r  e a s e d s 1 i g h 1 1 y in  me i  a 1 i m n i o n in  8 e p t  e m b e r  a n <::l e a r l y  
Octob e r . Th e p op u 1 a t  io n s  d e c 1 i ned t  o t  h e 1owest 1 e v e 1 i n  m i d 
O ctober  and low l e v e l  remained up t o  December.
In  1985 ,  t h e  s p e c ie s  a l s o  appeared in  March and a 
sudden i n c r e a s e  in  e a r l y  May r e s u l t e d  in  t h e  f i r s t  peak in  
mid May. At t h i s  t i m e ,  t h e  h i g h e s t  p o p u l a t i o n s  were observed  
between 1 and 3m depth  and d e c l i n e d  w i t h  i n c r e a s i n g  d e p th .  
The p o p u l a t i o n s  d e c l i n e d  s h a r p ly  in  e a r l y  June and a r a p i d  
i n c r e a s e  in  l a t e  June lead  t o  i t s  second peak in  e a r l y  J u l y .  
T h is  peak was s l i g h t l y  b i g g e r  than  t h e  s p r i n g  one and t h e  
p a p u l a t i o n s  were c o n f in e d  in  t h e  m e t a l i m n i o n .  The 
p o p u l a t i o n s  d e c l i n e d  g r a d u a l l y  from l a t e  J u l y  t o  August and 
ag a in  in c r e a s e d  t o  a t h i r d  peak in  l a t e  September.  T h i s  peak  
was t h e  s m a l l e s t  in  s i z e  and t h e  p o p u l a t i o n s  were? c o n f i n e d  
between 2 and 5m d e p th .  A f t e r  t h e  peak ,  t h e  p o p u l a t i o n s  
d e c l i n e d  g r a d u a l l y  from October and reached t o  t h e  lo w e s t  
l e v e l  in  December. However,  d u r in g  t h e  whole summer, t h e  
h ig h e s t  p o p u l a t i o n s  were observed between t h e  e p i l i m n i o n  and 
h y p o l im n io n .  D u r ing  t h e  p e r io d  of  h y p o l i m n e t i c  a n o x i a ,  t h e  
p o p u l a t i o n s  were low in  t h e  bottom w a te rs  bu t  n ever  
di  s a p p e a r e d »
Figure 40. Seasonal variations of Kellicottia longispina 
from January, 1984 to December, 1985. 
Isopleths are expressed as number/l.
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Loch an,. He r e p o r t e d  C,, a as t h e  dominant  s p e c ie s
among Cladocerans, ,  In  t h e  p r e s e n t  s t u d y ,  C. qu a d ran g u ’l a  was 
p i'" e s e n t  o c c a s i a n a 1 1 y a n cl o n I y i n s m a 1 1 n u m to e r  s ,, H o w e v e )'", t  h e 
two s p e c ie s  a r e  t a x o n o m i c a l 1y v e r y  d i s t i n c t  and t h e  
p o s s i b i l i t y  o-f e r r o r  in  i d e n t i f i c a t i o n  i s  s l i g h t , ,  The c law  
of C_._ r e t i c u l a t a  has a p rom inen t  comb of  3 t o  7 c o a rs e  t e e t h  
near  t h e  base but  t h e  c law  of  C._ q u a d ra n g u la  i s  w i t h o u t  such 
a comb. H u tch in s o n  (1967)  concluded t h a t  t h e  C e r i o d a p h n i a  in  
g e n e r a l  i s  more c h a r a c t e r e s t i c  o f  ponds r a t h e r  th an  l a k e s .  
F indenegg (1953 )  and P e j l e r  (1961)  r e p o r t e d  t h a t  
C e r i o d a p h n ia n s  were w i d e l y  d i s t r i b u t e d  summer form in  sm a l l  
l a k e s  which a g re e s  w i t h  t h e  p r e s e n t  s tu d y .
5 . 3 . 3 . 3 .  K e l 1 i c o t t i a  l o n g i s p i n a  s
Ke l 1 i c o t t i  a 1ongi sp i  na was one o f  t h e  commonest  
p l a n k t o n i c  R o t i f e r  in  Dubh Lochan. I t  showed a s i n g l e  autumn 
peak i n  1984 and two peaks ,  a minor peak in  s p r i n g  and a 
major peak in  e a r l y  summer in  1985 ( F i g .  4 0 ) .
In  1984 ,  t h e  s p e c ie s  f i r s t  appeared in  A p r i l  b u t  was 
absent  f rom  Nay t o  mid J u l y .  I t  appeared a g a in  in  l a t e  J u l y  
and a g r a d u a l  i n c r e a s e  from l a t e  August le a d  t o  i t s  maximum 
in  mid O ctober  j u s t  a f t e r  t h e  autumn o v e r t u r n .  D u r in g  t h i s  
peak ,  t h e  h i g h e s t  p o p u l a t i o n s  were observed in  t h e  upper 4m
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In  1985 ,  t h e  s p e c ie s  was p r e s e n t  -from J a n u ary  t o  e a r l y  
September..  The p o p u l a t i o n  l e v e l  in  Jan uary  and F e b r u a r y  was 
v e r y  low.  A g ra d u a l  i n c r e a s e  -from mid March r e s u l t e d  a minor  
peak i n  A p r i l .  At t h i s  t i m e ,  t h e  p o p u l a t i o n s  were con-f ined  
t o  t h e  upper  5m w a t e r .  I t  d e c l i n e d  s h a r p l y  in  e a r l y  May and 
a r a p i d  i n c r e a s e  -from l a t e  May le a d  t o  t h e  major  peak in  
l a t e  June.
T h i s  peak was a p p r o x im a t e l y  15 t im e s  b i g g e r  than  t h e  
s p r in g  one and t h e  p o p u l a t i o n s  were a l s o  c o n f i n e d  t o  t h e  
e p i l i m n i o n .  I t  d e c l i n e d  s h a r p ly  i n  J u l y  and d is a p p e a r e d  by 
e a r l y  September  and was absent  f rom mid September t o  
December. K l a r e r  (1978)  r e p o r t e d  t h a t  t h e  s p e c ie s  was 
p r e s e n t  th r o u g h o u t  t h e  yea r  in  Dubh Lochan and showed a 
s i n g l e  mid summer maximum in  1974 and 1975 and two peaks in  
1976,  one in  e a r l y  summer and t h e  second one in  l a t e  
summer w i t h  no v e r t i c a l  s t r a t i f i c a t i o n  th ro u g h o u t  t h e  year..  
Dur ing  t h e  p r e s e n t  s t u d y ,  th e  p o p u l a t i o n s  showed s t r o n g  
v e r t i c a l  s t r a t i f i c a t i o n  d u r in g  t h e  peaks and t h e i r  numbers  
were a lw a y s  h i g h e r  in  t h e  upper 5m w a t e r .  Hu tch inson  (1967 )  
c a t e g o r i z e d  K._ l o n g i s p in a  as a p e r e n n i a l  s p e c ie s  w i t h  l a t e  
s p r in g  and e a r l y  summer maximum but  an autumn maximum i s  not
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Figure 41. Seasonal variations of Keratella quadrata from 
January, 1984 to December, 1985. Isopleths are 
expressed as number/l.
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most common in  t h e  summer months., Larsson (1971)  r e p o r t e d  
t h a t  Kel 1 i c o t t  :i. a sp„ was 'found under all). oxygen and
t  emp e r  a t u r  e c on d i t  i on s ,, Pe j  1 er  <19 5 7 b ) a l s o  r  ep or  t e d  t  h at. 
th e  s p e c ie s  i s  s e n s i t i v e  t o  h igh  l i g h t  l e v e l s  and was 
c o n f i n e d  t o  t h e  lower  w a te r  d u r in g  t h e  summer„ To t h e
c o n t r a r y ,  d u r i n g  t h e  p r e s e n t  s tu d y ,  t h e  s p e c ie s  a lw a y s  
showed h ig h  p o p u l a t i o n s  in  t h e  upper w a t e r s ,  so i t  must foe 
con c lu ded  t h a t  t h e  s p e c ie s  i s  no t  s e n s i t i v e  t o  l i g h t .  
S i m i l a r  o b s e r v a t i o n s  were a l s o  made by K l a r e r  <1978) i n  h i s  
t h r e e  y e a r s  s tu d y  p e r i o d  in  Dubh Lochan.
5 . 3 . 3 . 4 .  K e r a t e l 1 a q u a d r a t a s
K e r a t e l 1 a q u a d r a ta  showed g r e a t  v a r i a t i o n s  between t h e  
two y e a r s .  In  1984,  i t  was p re s e n t  f o r  a s h o r t  t i m e  and 
showed a minor  peak in  s p r i n g .  I t  was p r e s e n t  t h r o u g h o u t  
t h e  y e a r  i n  1985 and showed two d i s t i n c t  peaks i n  s p r i n g  and 
e a r l y  summer <Fig .  41)  r e s p e c t i v e l y .
In  1984 ,  t h e  s p e c ie s  was absent  in  J a n u ary  and 
F e b r u a r y .  I t  f i r s t  appeared in  mid March and a g ra d u a l  
i n c e a s e  f rom  mid A p r i l  r e s u l t e d  in  a smal l  peak in  e a r l y  
May. D u r in g  t h i s  peak ,  an i n v e r s e  s t r a t i f i c a t i o n  was 
observed w i t h  h i g h e s t  p o p u la t i o n  a t  t h e  bot tom.  However ,  t h e
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s p e e i e s  w a s  a b s e )'"i t  i n t  h 0 u p per  2 m water' d u r  i n g t  h i s  t  :i. m e » 
The p o p u l a t i o n  d e c l i n e d  s h a r p ly  in  l a t e  liay and d i  sap pared  
by Jun0 » guad r a t a  was absent  f rom Jur"ie t o  1 a t e
Septem ber ,  i t  appeared aga in  in  October  and was c o n f i n e d  t o  
t h e  upper  4m w a t e r .  A v e r y  smal l  number rem ained  up t o  mid 
November arid a g a in  d is a p p e a re d  in  l a t e  November.
In  1985 ,  t h e  s p e c ie s  was p r e s e n t  th r o u g h o u t  t h e  y e a r  
e xc ep t  in  J a n u a r y .  D u r ing  s p r in g  and summer, t h e  p o p u l a t i o n s  
were g e n e r a l l y  v e r y  low in  t h e  upper 4m w a t e r .  However ,  t h e  
p o p u l a t i o n s  i n c r e a s e d  g r a d u a l l y  f rom March and reac hed  t o  
i t s  s p r i n g  peak in  l a t e  A p r i l ,  T h is  peak was a p p r o x i m a t e l y  
10 t im e s  b i g g e r  than  i t s  c o u n t e r p a r t  in  1984.  The 
p o p u l a t i o n s  were c o n f in e d  t o  t h e  lower  5m w a te r  and t h e  
h i g h e s t  numbers were observed a t  th e  bot tom .  The p o p u l a t i o n  
d e c l i n e d  s h a r p l y  in  e a r l y  May and a ga in  in c r e a s e d  t o  a 
second peak in  e a r l y  June. T h is  peak was about  h a l f  t h e  s i z e  
of t h e  s p r i n g  one and t h e  h ig h e s t  numbers were observed  
between 5 and 8m d ep th .  I t  d e c l i n e d  s h a r p l y  in  e a r l y  J u l y  
and low number remained up t o  e a r l y  September.  In  O c to b e r ,  
t h e  p o p u l a t i o n  in c r e a s e d  th ro u g h o u t  t h e  w a te r  column but  in  
November and December, i t  d e c l i n e d  in  t h e  upper  5m w a te r  and 
in  deep w a te r  t h e  numbers remained h ig h .  However ,  in  both  
t h e  y e a r s ,  t h e  p o p u l a t i o n s  tend t o  be c o n f in e d  from 5 t o  10m 
depth  e x c e p t  in  O c to b e r ,  1985.
Page 98
Figure 42. Seasonal variations of Trichocerca similis from 
January, 1984 to December, 1985. Isopleths are 
expressed as number/l.
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K.I. a r e r  (19 78) observed l<» a th ro u g h o u t  t h e  y e a r »
The p o p u l a t i o n s  were rep) or ted  low in  w i n t e r  and a s i n g l e  
p e a I-:: w a s o b s e r  v e d i n m i d s u m m e r  w i t  h m a x i m u m p o p u 1 a t  i a n s a t
t h e  bot tom as was observed in  th e  p r e s e n t  s tu d y  in  1985., 
Pe j  1 e r  < 195 7a ) and Cami t a  (1972)  r e p o r  ted  11”)a t th e  sf;)e <:::i es  
i s  p e r e n n i a l  w i t h  h ig h e s t  p o p u la t i o n s  in  s p r i n g  t o  e a r l y  
summer. H u tch in s o n  (1967)  r e p o r t e d  maximum p a p u l a t i o n  o-f K,,_ 
qu a d r a t a d u r i n g  s p r in g  but  Doohan (1973)  observed h i g h e s t  
p o p u l a t i o n s  in  s p r in g  and autumn. However,  in  t h e  p r e s e n t  
s t u d y ,  a s p r i n g  peak was observed in  both t h e  y e a r s ,  a 
second summer peak was observed o n ly  in  1985 but  autumn peak 
was n e v e r  observed  in  Dubh Lochan. The s p e c ie s  c o u ld  be 
s e n s i t i v e  t o  h ig h  l i g h t  l e v e l  as i t  was a lways  con-f ined in  
th e  lo w e r  w a t e r .
5 . 3 . 3 . 5 .  T r i c h o c e r c a  s i m i l i s  s
Tr  i cho c e re a  s i m i l i s  showed d i s t i n c t  seasona l  and
v e r t i c a l  d i s t r i b u t i o n  p a t t e r n s  ( F ig .  4 2 ) .  I t  showed a s i n g l e  
summer peak in  1984 and two s e p e r a t e  peaks ,  one i n  mid 
summer and a second one in  l a t e  summer in  1985.
In  1984 ,  t h e  s p e c ie s  was p re s e n t  -from A p r i l  t o  
November. The p o p u l a t i o n s  remained v e ry  low -from A p r i l  t o  
mid J u l y ,  A sudden in c r e a s e  -from l a t e  J u ly  r e s u l t e d  a s i n g l e  
summer maximum i n  mid August.  Dur ing  t h i s  pea k ,  t h e
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popu.1. a t  :i. ons were conf  i necl I::)etween ep:i. ,1 i mni  on ancl
met a.I. :i. mn:i. on i t  d e c l i n e d  r a p i d l y  in  l a t e  August and e a r l y  
Sep t  emI::) e r  an d i'" eac: h ed t  o i t s  1 owest 1, eve l  i n I a t e  0 c: t  ob e r  
and November and d is a p p e a re d  by e a r l y  December.
In  1985 ,  t h e  s p e c ie s  - f i r s t  appeared in  mid March and 
was p r e s e n t  d u r in g  t h e  r e s t  o-f th e  y e a r .  The p o p u l a t i o n s  
i n c r e a s e d  g r a d u a l l y  from May and reached t o  a summer maximum 
in  l a t e  J u l y .  T h is  peak was s l i g h t l y  s m a l l e r  th an  i t s  
c o u n t e r p a r t  in  1984 and showed s t r o n g  v e r t i c a l  
s t r a t i f i c a t i o n  w i t h  maximum p o p u la t i o n s  in  t h e  e p i l i m n i o n  
and t h e i r  numbers decreased w i th  i n c r e a s i n g  d e p th .  The 
p o p u l a t i o n s  d e c l i n e d  s h a r p ly  in  August and a g a in  in c r e a s e d  
in  September r e s u l t i n g  a second and minor peak in  l a t e  
September.  T h i s  peak was a p p r o x im a t e ly  t h r e e  t im e s  s m a l l e r  
than t h e  mid summer one and t h e  h ig h e s t  p o p u l a t i o n s  were  
observed  between 3 and 7m dep th .  The p o p u l a t i o n s  d e c l i n e d  
g r a d u a l l y  th ro u g h  t h e  autumn and reached t o  i t s  lo w e s t  l e v e l  
in  December. However,  th e  autumn p o p u l a t i o n s  were  
c o m p a r a t i v e l y  h ig h e r  than  t h e  year  b e f o r e .
K l a r e r  (1978)  reco rd e d  t h e  s p e c ie s  in  Dubh Lochan but  
th e  p o p u l a t i o n s  were v e r y  low and d id  not  show any seasona l  
su c cess io n  i n  h i s  t h r e e  y e a rs  s tudy  p e r i o d ,  H u tch ins on  
(1967)  r e p o r t e d  t h a t  T r i c h o c e r c a  sp. i s  o r d i n a r i l y  
h o i o p l a n k t o n i c  and i s  an im p o r ta n t  e lem ent  o n l y  in  l a t e
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Figure 43. Seasonal variations of Polyarthra vulgaris from 
January, 1984 to December, 1985. Isopleths are 
expressed as nuniber/1.
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sum m er  b u t  i t  may h a v e  t w o  m a x im a  i n  J u l y  a n d  S e p t e m b e r  o r  a 
s i  n g 1 e o n e :i. n A u g u s  t  . C a r  1 i n < :l. 943) r  e p o r  t  e  d t  h a t  
T r  i  c hoc: ere:  a i s  u s u a l l y  a g e n u s  o-f e u  t r o p h i c  p o n d s  a n d  
Wesen berg  “-Lund < 1 9 3 0  concluded t h a t  T r i c h o c e r c a  s p „ ,  i s  
p l a n k t o n i c  o n l y  d u r in g  a few weeks in  summer.
The p r e s e n t  s tu d y  c l e a r l y  i n d i c a t e  t h a t  t h e  s p e c ie s  i s  
a summer -form and t h e  success ion  o cc u r re d  d u r in g  t h e  p e r i o d  
o-f h ig h  p h y t o p la n k t o n  p r o d u c t io n  ( F ig .  2 3 ) .
5.  3 .  3 .  6 .  P o l y a r t h r a  v u l g a r i  s s
P o l y a r t h r a  v u l g a r i s  was p re s e n t  -from mid September t o  
mid December in  1984 and -from March t o  December in  1985.  I t  
showed d i s t i n c t  seasonal  and v e r t i c a l  d i s t r i b u t i o n  p a t t e r n s  
( F i g .  43)  w i t h  c o n s i d e r a b l e  v a r i a t i o n s  between t h e  two  
y e a r s .
In  1984 ,  t h e  s p e c ie s  - f i r s t  appeared in  mid September  
and a r a p i d  i n c r e a s e  -from l a t e  September le a d  t o  i t s  s i n g l e  
peak i n  l a t e  O c to b e r .  The h ig h e s t  p o p u la t i o n s  were observed  
in  t h e  upper  3m w a te r  and t h e i r  numbers d e c l i n e d  w i t h  
i n c r e a s i n g  d e p th .  The p o p u la t i o n s  d e c l i n e d  r a p i d l y  in  
November and d is a p p a re d  by l a t e  December.
In  1985 ,  t h e  s p e c ie s  - f i r s t  appeared in  e a r l y  May. I t
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i n c r e a s e d  g r a d u a l l y  t h r o u g h  t h e  summer and r e a c h e d  t o  i t s  
peak i n  mid September, ,  T h i s  peak was s l i g h t l y  s m a l l e r  t h a n  
i t  s c:: o u n t  e r  p a r  t  i n 1 9 8 4 ,, "!" i"i e p o p u 1 a t  i o r'i s d e c: 1 i  n e d g r  a d u a 11 y 
in  November and December but  t h e i r  numbers were much h i g h e r  
than  t h e  ye a r  be-fore.  Dur ing  summer s t a g n a t i o n  when t h e  
oxygen c o n c e n t r a t i o n s  in  t h e  bottom w a te rs  were low ,  t h e  
p o p u l a t i o n s  were con-fined in  t h e  ep i  1 im n io n .
K l a r e r  (1978)  a l s o  r e p o r t e d  a s i n g l e  autumn maximum of  
P o l y a r t h r a  v u l g a r i s  in  Dubh Lochan and t h e  s p e c ie s  was 
absent  d u r i n g  w i n t e r  and e a r l y  s p r in g *  The p o p u l a t i o n s  were  
a l s o  con-f ined t o  t h e  epi  l im n ion  d u r in g  th e rm a l  
s t r a t i - f i c a t i o n  i n  summer. S i m i l a r  o b s e r v a t io n s  were a l s o  
made by B r i c k e r  & Gannon (1976). ,  In  t h e  p r e s e n t  s t u d y ,  t h e  
s p e c ie s  was absen t  from January  t o  August in  1984 and -from 
J a n u ary  t o  A p r i l  i n  1985. P e j l e r  (1957a & b) and
H u tch inson  (1967 )  r e p o r t e d  t h a t  P. v u l g a r i s  i s  a p e r e n n i a l  
s p e c ie s .  O ther  w orkers  (H u tch in so n ,  1967$ Co m ita ,  1972$ and
Doohan, 1973) r e p o r t e d  t h a t  t h i s  s p e c ie s  shows bimodal
seasona l  d i s t r i b u t i o n  p a t t e r n s  w i t h  a peak in  t h e  s p r i n g  
and t h e  second peak in  th e  autumn. However,  t h e  o b s e r v a t i o n s  
in  t h e  p r e s e n t  s tu d y  and t h e  s tudy  o-f K l a r e r  <1978) suggest  
t h a t  t h e  s p e c ie s  shows a s i n g l e  autumn peak and t h e r e  i s  no 
s ig n  o-f s p r i n g  maximum in  Dubh Lochan. I t  seems t h a t  P ,,
v u l g a r i s  i s  a warm w ate r  s p e c ie s  but  t e m p e r a t u r e  may not  be 
an im p o r t a n t  c r i t e r i a  in  d e t e r m in in g  t h e  seasonal  su c c e s s io n
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< H u t  c: I"1 :i. n s o n , :l. 9 6 7 > » P e ,;j 1 e r (19 5 7 b > b e I :i e v e d t  hi a t  P o 1 y a r t  h r a 
sp« , was sens i t ive  to e i ther  low oxygen level or to the 
physical and chemical conditions associated with oxygen 
def  i  c i  e n c y .
5 . 4 .  P h y to p la n k t o n  —  Zooplankton  r e l a t i o n s h i p  s
In  t h e  p r e s e n t  s t u d y ,  th e  seasonal  suc cess ion  p a t t e r n s
o-f p h y t o p la n k t o n  and z o o p la n k to n  were in t e r d e p e n d e n t  -for a t  
l e a s t  p a r t  o-f t h e  yea r  and t h i s  i s  b e s t  dem o n stra ted  in  
1985.  H u tch in s o n  (1967)  r e p o r t e d  t h a t  t h e  s u c c e s s io n  o-f 
p h y t o p la n k t o n  in  t e m p e r a te  r e g io n  i s  p r i m a r i l y  c o n t r o l l e d  by 
w ate r  t e m p e r a t u r e  and l i g h t .  M oreover ,  t h e r e  i s  a t h i r d  
• fac tor  ove r  and above te m p e r a t u r e  and l i g h t ,  namely t h e  
c o n c e n t r a t i o n s  o-f v a r i o u s  substances  r e q u i r e d  -for p l a n t  
n u t r i t i o n  or  sometimes d isad v an tag eo u s  t o  p a r t i c u l a r  
s p e c ie s .  However ,  t h e  i n t e r a c t i o n  between p h y to p la n k to n  and 
z o o p la n k to n  may be a s i g n i f i c a n t  i n f l u e n c e  in  d e t e r m i n i n g  
t h e  s u c c e s s io n  of  each communit ies  in  l a c u s t r i n e  ecosystem .  
The i n t e r r e l a t i o n s h i p  between p h y to p la n k to n  and z o o p la n k to n  
i s  w e l l  documented ( e . g .  P e n n in g to n ,  1941$ Edmondson, 1964  
and Sa u n d ers ,  1 9 6 9 ) .
D u r in g  w i n t e r  months, l i g h t  energy  i s  not  enough t o  
s u p p o r t  a l g a l  growth (H u tch in so n ,  1967) which was a l s o
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r  e f  1 e e t  e d b y v e r  y 1 o w n u m b e r  s o f  z o o p 1 a n k t  o n 1 i"i D la b h Loch a n « 
H o weve r  , :i. n :!. 9 8  5 , Eudi aptomus g r  ac i 1 i s  p o p u 1 a t  i o n s i z e
i n c r e a s e d  s l i g h t l y  which  was due t o  t h e  m a t u r a t i o n  o-f t h e  
n a u p 1 i i p r  o d u c e d .i n t  h e a u t  u m n o -f t  h e p r  e v i o u s yea r  * W -j. t  h 
r i  s i  ng i nsol  a t i  on 1 eve l  s , green -f 1 age l  1 a t e s  -f 1 o u r i  shed i n 
March and e a r l y  A p r i l  when Ker a t e l 1 a quad r a t a  p o p u l a t i o n s  
were a t  t h e  h i g h e s t  l e v e l  and t h e  n a u p l i i  o-f E«_ g r a c i  1 i s 
s t a r t e d  t o  i n c r e a s e .  In  mid t o  l a t e  A p r i l ,  P in o b ry o n  
di  v e rg e n s  dominated t h e  p h y to p la n k to n  pop u 1 a t  i  on s and
Cryptomonas s p p . , a l s o  reached t o  a s p r in g  peak.  The a d u l t  
p o p u l a t i o n s  o-f E. g r a c i  1 i s  s t a r t e d  t o  i n c r e a s e  w i t h  t h e
i n c r e a s e  o-f EL_ di  vergens  a t  a t im e  when kL quad r a t  a
p o p u l a t i o n s  were a l s o  h ig h .  P r e v io u s  w orkers  (Lehman, 19 7 6 a $ 
P a t a l a s ,  1970 and S c h i n d l e r ,  1972) have conc luded  t h a t  
Dinobr yon s p . , i s  v e r y  e f f i c i e n t l y  a s s i m i l a t e d  by s e v e r a l  
s p e c ie s  o f  Copepods and C la d o c e ra .  K l a r e r  (1978 )  r e p o r t e d  
t h a t  t h e  a d u l t  p o p u l a t i o n s  of  E._ g r a c i  1 i s  were a l s o  a b l e  t o  
a s s i m i l a t e  D in o b r yon s p . , v e ry  e f f i c i e n t l y  due t o  t h e i r
a b i l i t y  t o  acc e p t  a wide range of food p a r t i c l e  s i z e s .  As 
th e  p o p u l a t i o n s  of  Din o b r yon s p . , in c r e a s e d  w i t h  h igh  
p o p u l a t i o n  o f  K. q u a d r a t a , i t  i s  r e a s o n a b le  t o  con c lu d e  t h a t  
t h i s  s p e c ie s  was not  a s u i t a b l e  source  of  food f o r  K. 
q u a d ra t a  or  a t  l e a s t  t h a t  t h e  K. q u a d r a ta  g r a z i n g  was not  
s e v e r e  enough t o  c o n t r o l  th e  p o p u la t i o n  s i z e .  K l a r e r  (1978 )  
a l s o  r e p o r t e d  s i m i l a r  phenomena because of  t h e i r  g e n e r a l  
i n a b i l i t y  t o  u t i l i z e  D._ d i  vergens as a food s o u rc e .  Amren
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( 1 9 6 4 )  r e p o r t e d  t h a t  Di n o b r y on s p . ,  c o u ld  o n l y  be used as a 
■f ood s o u r  c e b y t  he Rot i f  e r  s i f  t  h e f  1 age 11 a wer e r  emc:) ved  
•from i t s  1 o r i c a .
In  May, D inobryon d iv e r g e n s  p o p u l a t i o n s  reac hed  t o  i t s  
h i g h e s t  peak and S p h a e r o c y s t is  s c h r o e t e r i , a g reen  a l g a e  
w i t h  t h i c k  c e l l  w a l l  and embedded in  a g e l a t i n o u s  s h e a th  
s t a r t e d  t o  i n c r e a s e .  T h is  peak of  Di nobryon s p . , was 
a s s o c i a t e d  w i t h  h i g h e s t  p o p u la t i o n s  of  a d u l t  g r a c i 1 i s  and 
C e r i o d a p h n i a  r e t i c u l a t a .
In  June and J u l y ,  p h y to p la n k to n  biomass in c r e a s e d  
r a p i d l y  due t o  t h e  r a p i d  growth of  S p h a e r o c y s t i s  s c h r o e t e r i 
along  w i t h  t h e  peaks of  O o c y s t is  spp . ,  Cryptomonas s p p . , and 
high  p o p u l a t i o n s  of  Di nobryon sp.  D ur ing  t h i s  p e r i o d  o f  
h i g h e s t  p h y to p la n k to n  p r o d u c t i o n ,  z o o p la n k to n  p o p u l a t i o n s  
i n c r e a s e d  s l i g h t l y  in  1984 but  in  1985,  i t  i n c r e a s e d  t o  t h e  
h i g h e s t  l e v e l .  T h is  i n c r e a s e  was due t o  t h e  r a p i d  i n c r e a s e  
of two s p e c ie s  o f  R o t i f e r a ,  K e l 1 i c o t t i a  1ongi sp i  na and 
T r i cho c e rc a  s i m i l i s .  However,  K._ 1 ongi  spi  na domi n a te d  t h e
z o o p la n k to n  p o p u l a t i o n s .  Both a d u l t  and n a u p l i u s  of  
Eudiaptomus g r a c i 1 i s  and C e r io d a p h n ia  r e t i c u l a t a  a l s o  
reached t o  a second peak w i th  th e  in c r e a s e d  p h y to p la n k to n  
p r o d u c t i o n .  S p h a e r o c y s t is  s c h r o e t e r i  i s  p a r t i c u l a r l y  
u n s u i t a b l e  f o r  t h e  food of  z o o p la n k to n  because both  thick-  
c e l l  w a l l  and t h e  g e l a t i n o u s  sheath  d e c re a s e  t h e
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d ;i. g e s  i  i  b :i. 3,11 y  ( I-' a u r  r  :i. a t , :l 9 5 7  a n d S a u n d e r  , :l 9 6 9 )  a n d 
i  n c r  e a s e  t  !"'ie poss :i. b :i. 1 i  t  y  o f  v:i, ab  1 e g u t  p a s s a g e  < P o r  t  e r  , 
1 9 7 5 )  . P a r  t  e r  < 197 6 ) o b s  e r  v e d t  hi a t  m o r  e t  h a n 9 07, o f  t  hi e 
u n d ig e s te d  c e l l s  o f  S p h a e r o c y s t i s  s p - ,  v i a b l e  a f t e r  gu t  
passage,, The r a p i d  i n c r e a s e  of  t h e  s p e c ie s  a t  a t i m e  of  
heavy g r a z i n g  cou ld  be due t o  a l a c k  o f  c o m p e t i t i o n  from  
o t h e r  a l g a e  th rough  z o o p la n k to n  g r a z i n g -  P o r t e r  (1973 )  
r e p o r t e d  t h a t  gut  passage cou ld  be v e r y  u s e f u l  in  
f r a g m e n t in g  t h e  c o l o n i e s  o f  S p h a e r o c y s t i s  s p . , and i n c r e a s e  
t h e  s u r f a c e  a r e a  t o  t h e  volume r a t i o  which p e r m i t s  more 
e f f i c i e n t  u t i l i z a t i o n  of  th e  n u t r i e n t s .  I t  can a l s o  absorb  
t h e  n u t r i e n t s  f rom o t h e r  broken a l g a l  c e l l s  in  t h e  g u t .  The 
g e l a t i n o u s  sh e a th  of  t h e  s p e c ie s  a l s o  a c t s  as a s i e v e  which  
a l l o w s  i o n i c  n u t r i e n t s  t o  e n t e r  but  p r e v e n t s  t h e  d i g e s t i v e  
enzymes f rom e n t e r i n g  in  t o  t h e  c o l o n i e s .
H u tch in s o n  (1967)  r e p o r t e d  t h a t  p l a n k t o n i c  Rot i f e r a  in  
g e n e r a l  f e e d  e i t h e r  by s e d im e n t in g  f i n e  p a r t i c l e s  as a 
r e s u l t  o f  b e a t i n g  t h e  coron a l  c i l i a  or  t h e y  a r e  r a p t o r i a l .  
K e l 1 i c o t t i a  s p . , and K e r a t e l l a  s p . , can use t h e  m ast rax  t o  
c a tc h  t h e  f l a g e l l u m  of  Cryptomonas s p . , which th en  
d i s i n t i g r a t e s ,  and t h e  p a r t i c u l a t e  m a t t e r  l i b e r a t e d  i s  e a te n  
by them. A l though  t h e  maximum p o p u l a t i o n s  o f  K. 1ongi sp i  na 
and a sm a l l  peak of  q u a d r a ta  c o i n c i d e d  t h e  p h y t o p la n k t o n  
peak ,  t h e i r  suc cess ion  may not  be d i r e c t l y  r e l a t e d  because  
of t h e i r  g e n e r a l  i n a b i l i t y  t o  consume o t h e r  p h y t o p la n k t o n
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a n cl 1 i m :i. t  a t  i o n s cl u e t  o p a r  t  i c 1 e s :i. z e „
A f t e r  t h e  d e c l i n e  o f  S p h a e r o c y s t i s s p « , g r e e n  
f l a g e l l a t e s  a g a in  f l o u r i s h e d  in  August and Septem ber , ,  
Di nobryon d i  ve rge ns  and Bo tryococcus  b r auni  i a l s o  rea c h e d  t o  
t h e i r  peaks d u r in g  t h i s  p e r io d  in  1984 and i n  1985 ,
Cryptomonas s p . ,  a g a in  in c r e a s e d  s l i g h t l y .  R o t i f e r a  a g a in  
dom inated  t h e  z o o p la n k to n  p o p u la t io n s , ,  Pol y a r t h r  a v u l gar  1 s 
and T r i ch o c e rc a  s i  mi 1 i s reached t o  t h e i r  maximum numbers b u t
T. s i  mi 1 i s dominated t h e  whole p o p u l a t i o n .  The a d u l t  and
n a u p l i i  o f  E_._ g r a c i  1 i s and r e t i  cu l  a t  a ( i n  1985 o n l y )  a l s o  
reached  t o  t h e i r  l a t e  summer peak d u r in g  t h i s  p e r i o d .
A l th o u g h  t h e  p a r t i c l e  s i z e  i s  v e r y  i m p o r t a n t  in  
d e t e r m i n i n g  t h e  food of  R o t i f e r a ,  P._ vu l  gar  i s i s  
e x c e p t i o n a l .  H u tch inson  (1967)  r e p o r t e d  t h a t  v u l gar  i s
e a t s  m a i n ly  Cryptomonas s p . , which may be as much as 50u 
l o n g .  T h i s  s p e c ie s  may have much f i n e r  a d ju s t m e n t  t o
s p e c i f i c  food s i z e s  moreover t h e r e  i s  c l e a r  e x p e r i m e n t a l  
e v id e n c e  t h a t  c e r t a i n  foods  a r e  more e a s i l y  and r e a d i l y  
t a k e n  th a n  o t h e r s .  The shape of  t h e  a l g a l  c e l l s  as w e l l  as 
t h e i r  s i z e ,  i s  e v i d e n t l y  in v o l v e d  but  chem ica l  s t i m u l i  
p r o b a b ly  a l s o  p l a y  a p a r t .
Eudiap tom us g r a c i 1 i s  can grow and breed  t h r o u g h o u t  t h e  
y e a r  because of  t h e i r  w ide range  of  t e m p e r a t u r e  - t o l e r a n c e
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and t h e  a b i l i t y  t o  consum e a w i d e  v a r i e t y  o f  fo o d , ,
1-1 u t  o h :i. n s  o n <19 6 7) r  e p a r  t  e d t  hi a t  E „ g r  a c i  1 i  s 1 i  v  i  n g i  n a p o n d 
c o i"i s u m e d m a :i. n I y d e s m :i. d s , w h e n 1 i  v i  n g w :i. t  h A c t  o d :i. a p t  a m u s 
1 a t i  c e p s , i t  took  m a in ly  smal l  g reen  a l g a e  and when 
compared w i t h  Daphnla  1o n g ic e p s , t h e  s p e c ie s  was f a r  l e s s  
e f f e c t i v e  i n  t h e  f i l t r a t i o n  o f  b a c t e r i a  and when a l l  e l s e  
was e x c lu d e d ,  i t  was a b l e  t o  l i v e  on m in u te  d e t r i t u s  
p a r t i  c l e s .
D u r in g  October  and November, p h y to p la n k to n  p o p u l a t i o n s  
d e c l i n e d  t o  v e r y  low l e v e l  w i t h  d e c l i n i n g  l i g h t  and w a te r  
t e m p e r a t u r e .  The z o o p la n k to n  p o p u l a t i o n s  were a t  h i g h e s t  
l e v e l  in  1984 and 1985 t h e  numbers were q u i t e  h i g h .  The  
h i g h e s t  p o p u l a t i o n s  in  1984 was due t o  r a p i d  i n c r e a s e  of  P_. 
v u l g a r i s  and K ^  1 ongi spi  n a . High p o p u l a t i o n s  i n  .1985 was 
a l s o  due t o  t h e  R o t i f e r s .
K l a r e r  (1978)  a l s o  r e p o r t e d  h igh  p o p u l a t i o n s  of  
R o t i f e r a  d u r in g  l a t e  September and e a r l y  O ctober  a t  a t im e  
when p h y t o p la n k t o n  p o p u la t i o n  was v e r y  low.  H u tc h in s o n  
(1967 )  r e p o r t e d  t h a t  P._ v u l g a r i s , a p e r e n n i a l  s p e c i e s ,  
u s u a l l y  has a l a t e  s p r in g  or  e a r l y  summer maximum in  a 
t e m p e r a t u r e  range  about  20°C but  w i t h  t h e  p o s s i b i l i t y  o f  an 
autumnal  maximum between 5 and 10°C. In  t h e  p r e s e n t  s t u d y ,  
P„ v u l g a r i s  showed a s i n g l e  autumn peak d u r in g  September  and 
O ctober  when t h e  w a te r  t e m p e r a t u r e  ranged from 11 t o  16<3C„
Page 108
H o w e v e r ,  C a r l i n  ( 1 9 4 3 )  s u g g e s t e d  t h a t  ' f a c t o r s  o t h e r  t h a n  
t  omper a t  u r  e a r  e :i. n vo 1 ved «
In  l a t e  November t o  December, p h y t o p la n k t o n  p o p u l a t i o n s  
were a t  t h e  lo w e s t  l e v e l  bu t  t h e  z o o p la n k to n  p o p u l a t i o n s  
were c o m p a r a t i v e l y  h i g h e r  which was a l s o  due t o  t h e  grow th  
o-f R o t i f e r s  i n  - fav o u rab le  e n v i r o n m e n ta l  c o n d i t i o n .
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G  8 I .A IF"" T  HE: Ft ■
s e : s t o n
6 . 1 .  I n t r o d u c t i o n  s
A l l  p a r t i c u l a t e  o rgan o g en ic  m a t e r i a l ,  l i v i n g  or  dead ,  
p a s s i v e l y  d r i f t i n g  in  w a te r  was o r i g i n a l l y  named as p l a n k t o n  
by H ensen , 1887 ( i n  H u tc h in s o n ,  1 9 6 7 ) .  L a t e r  w o rk e rs
r e f i n e d  t h i s  c o n c e p t ,  s e p a r a t e d  l i v i n g  and non l i v i n g  p a r t s ,  
i d e n t i f i e d  d i f f e r e n t  components of  such a\n assem blage and 
named p a r t i c u l a r  components s e p a r a t e l y .  K o l k w i t z ,  1912 ( i n  
H u t c h in s o n ,  1967) in t r o d u c e d  t h e  te rm  se s to n  t o  i n c l u d e  a l l  
p a r t i c u l a t e  m a t e r i a l  p r e s e n t  in  t h e  f r e e  w a t e r .  T h i s  
s e p a r a t i o n  i s  a r b i t r a r y  and not  o f t e n  c o m p l e t e l y  f o l l o w e d  
and t h e  p r e c i s e  d e f i n i t i o n  o f  ses ton  i s  s t i l l  d e b a t a b l e .
In  t h e  p r e s e n t  s t u d y ,  a l l  suspended p a r t i c u l a t e  m a t t e r  
which was caught  in  th e  ses ton  t r a p  (d e s c r ib e d  in  th e  
methods and m a t e r i a l s  s e c t i o n )  i s  c o n s id e r e d  as s e s to n .  
T h i s  i n c l u d e  o r g a n ic  d e t r i t u s ,  l i v i n g  o rgan ism s and
i n o r g a n i c  p a r t i c l e s .  The l i v i n g  organ ism s have been 
d is c u s s e d  in  g r e a t e r  d e t a i l  in  t h e  p h y t o p la n k t o n  and
z o o p la n k to n  c h a p t e r s .  O rgan ic  d e t r i t u s  which were caught  in  
t h e  t r a p  w i l l  be d e a l t  w i t h  in  t h i s  c h a p t e r .  O rg an ic
d e t r i t u s  i n c l u d e  dead o r g a n ic  m a t te r  f rom p l a n t s  and a n im a ls
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o-f b o t h  a u t o c h o n o u s  and a l  1 o c h t h o n o u s  o r i g i n . .  T h i s  i n c l u d e  
•f a e c e s  a n d o t ! 10 r  0 x c r  e t a  o -f 1 i  v ;i. n g o r  g a n :i, s  m s t  o g ® t  h e r  w i  t  h
11-1 e a s s o :i. a t  e d m i  c; r  o o r  g a n i s n j s «
Althoughi t .here  a r e  d is a g re e m e n ts  w i t h  t h e  d e - f i n i t i o n  of  
s e s t o n ,  t h e  - fu n c t io n a l  concept  i s  v e r y  c l e a r .  T h e re  a r e  two  
main pathways o-f- energy  -flow in  t h e  ecosystems s t h e  g r a z i n g  
pathway in  which t h e  p l a n t  m a t e r i a l  i s  i n g e s t e d  d i r e c t l y  toy 
h e t e r o t r o p h i c  macroorganisms w h i l e  t h e y  a r e  g reen  and l i v i n g  
and t h e  d e t r i t u s  pathway in  which p l a n t  m a t e r i a l  d i e s  and i s  
decomposed by m ic ro organ ism s b e f o r e  b e ing  a v a i l a b l e  f o r  
m acrorgan i  sms.
At h i g h e r  t r o p h i c  l e v e l s  energy  i s  t r a n s f e r r e d  f rom  
p r e y  t o  p r e d a t o r  b u t  t h e r e  i s  a l s o  a g r e a t  en e rg y  t r a n s f e r  
t o  t h e  macroorganisms in  t h e  form of  f a e c e s ,  and dead an im al  
m a t e r i a l .  D u r in g  t h i s  p rocess  some o f  t h e  o r g a n ic  m a t e r i a l  
i s  d i s s o l v e d  in  w a t e r ,  but  t h i s  f r a c t i o n  i s  not  i n c l u d e d  in  
t h e  p r e s e n t  s tu d y .
A l though  on an a v e rag e  l e s s  than  107. o f  t h e  p r i m a r y  
p r o d u c t i o n  i s  removed by g r a z i n g  (Mann, 1 9 7 2 ) ,  in  t h e  
p a s t  more emphasis has been p la c e d  on t h e  g r a z i n g  food  c h a in  
t o  i l l u s t r a t e  e c o l o g i c a l  energy  t r a n s f e r ,  and t h e  d e t r i t a l  
food  c h a in  have long been n e g le c t e d  in  l a c u s t r i n e  ecosystem .  
The im p o r ta n c e  of  d e t r i t u s  in  t h e  s t r u c t u r e  and f u n c t i o n  of
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a q u a t  i c:: e c a s y s 1e m s i s r  0 c e :i. v :i. n g m a r e  a 1 1 0 n t  i o n i n r" 0 c;: e i‘ \ t
y 0 a 1'" s n
The most im p o r t a n t  component o*f se s to n  i s  p a r t i c u l a t e  
o r g a n i c  d e t r i t u s .  O rg an ic  d e t r i t u s  was o r i g i n a l l y  d e s c r ib e d  
by Odum and de l a  Crus <1963) as dead p a r t i c u l a t e  o r g a n ic  
m a t t e r  i n h a b i t e d  by decomposer m ic ro o rg an ism s  and t h e
im p o r ta n c e  o-f d e t r i t u s  has s i n c e  become t h e  s u b j e c t  o-f a 
l a r g e  and w idespread  l i t e r a t u r e .
Balogh (1958)  has dem onstra ted  t h a t  d e t r i t u s ,  as  
eg e s te d  m a t e r i a l ,  i s  an i m p o r ta n t  - f r a c t i o n  o-f community
m e ta b o l is m .  He suggested  t h a t  s i g n i f i c a n t  " r e c u p e r a t i v e "  
•food c h a in s  depend upon t h i s  source  o-f d e t r i t u s  a t  each 
t r o p h i c  l e v e l .  Odum <1962 and 1963) emphasized t h a t
d e t r i t u s  o r i g i n a t i n g  as ungrazed p r i m a r y  p r o d u c t i o n  s u p p o r ts  
a " d e t r i t u s  -food c h a in "  which i s  e s s e n t i a l l y  p a r a l l e l  t o  t h e  
c o n v e n t io n a l  " g r a z e r  -food c h a in "  a t  succeed ing  t r o p h i c  
l e v e l s .
The sou rc es  and c o n s t i t u e n t s  o-f 1 a c u s t r i n e  d e t r i t u s  a r e  
d i v e r s e  and p o o r l y  und ers tood  <W etze l  e t  a l . , 1 9 7 2 ) .  The
d i v e r s i t y  o-f l a c u s t r i n e  d e t r i t u s  r e f l e c t s  t h e  compound 
n a t u r e  o f  most l a k e  ecosystems.  The r o l e  o f  a l 1ochthonous  
d e t r i t u s  i n  t h e  m etabo l ism  and t r o p h y  o f  l a k e s  has been
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e m p h a s iz e d  by Mi n s h a l  I , <1966)$  Moss <1970) and H a r t  -k
How mi 1 l o r  < 1975)
The s i g n i f i c a n c e  o-f ses ton  as p o t e n t i a l  so u rc e s  o-f food  
o-f d i f f e r e n t  k in d s  o f  a q u a t i c  a n im a ls  have been w e l l  
documented < B e r r i e ,  1972$ Mann, 1982 and W o t to n , 1 9 8 2 ) .
A co m p le te  r © p r e s e n t a t i o n  o f  t h e  p r o d u c t i o n  o f  s e s t o n  
i s ,  t h e r e f o r e ,  a p r e - r e q u i s i t e  of  any t r e a t m e n t  o f  
l a c u s t r i n e  ecosystem s t r u c t u r e  and f u n c t i o n .
The major  goal  o f  t h e  p r e s n t  s tu d y  i s  t o  d e t e r m in e  t h e  
amount o f  p r im a r y  energ y  f l o w i n g  th ro u g h  se s to n  t o  t h e  
s e d im e n t .  In  a d d i t i o n ,  ses ton  b iom ass,  c o m p o s i t io n  and some 
a s p e c t s  o f  c h e m i s t r y  were a l s o  c o n s id e r e d .
6 . 2 .  M a t e r i a l s  and Methods i
6 . 2 . 1 .  G enera l  s
The des ig n  of  a t r a p  i s  c r u c i a l  in  c a t c h i n g  s e s to n  
q u a n t i t a t i v e l y .  Penn ington  <1974) and K i r c h n e r  <1975)  
c r i t i c a l l y  e v a l u a t e d  v a r i o u s  ty p e s  o f  ses to n  t r a p s  used in  
t h e  p a s t .  They concluded t h a t  v e r t i c a l l y  s id e d  c y l i n d e r s  
w i t h  u n r e s t r i c t e d  mouth opening gave an a c c u r a t e  
a p p r o x im a t i o n  t o  t h e  annual r a t e  o f  s e d im e n t a t io n . :  H a rg ra v e
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a n d B u r  n <;> ( :l. 9 "7 9)  s u g g e «»t  e d t  h a t  t  h e m o s t  e f  f  i  c 1 e n t  t  r  a p s  h a d  
a h e i g h t  t o  d i a m e t e r  r a t i o  o f  g r e a t e r  t h a n  5 w h i c h  r e s u l t e d  
i  n t  h e f  a r m a t  :i. on o f  a t  u r !::) la 1 e n t  f  i'“ ee  b o u n d  a r  y  l a y e r '  a t  t  h e 
bottom of  t h e  ses ton  tubes,,
In  t h e  p r e s e n t  s t u d y ,  ses ton  samples were c o l l e c t e d  
u s in g  l o c a l l y  des igned  ses ton  t r a p s .  Each t r a p  c o n s i s t s  o f  
4 one l i t r e  c a p a c i t y  measur ing c y l i n d e r s  f i t t e d  i n  a m e t a l  
f ra m e .  Each c y l i n d e r  i s  40cm h i g h ,  28cm''2 u n r e s t r i c t e d  
mouth open ing  w i t h  a h e i g h t  t o  d i a m e t e r  r a t i o  o f  6 . 8 . Two 
s e t s  o f  t r a p s  were hung a t  s t a t i o n  1 , one about  im below t h e  
s u r f a c e  which would r e c e i v e  ses ton  averaged  o v e r  t h e  
c i r c u l a t i o n  of  w a te r  in  t h e  e p i 1 imnion d u r in g  summer a n d 
t h e  o t h e r  a p p r o x im a t e l y  1m above t h e  bot tom o f  t h e  l a k e  
which would r e f l e c t  t h e  e f f e c t  of  d e o x g e n a t io n  on s e s t o n  
d u r in g  t h e  summer s t a g n a t i o n  p e r i o d .  The upper t r a p  was 
p la c e d  in  h igh  p h y to p la n k to n  p r o d u c t io n  zone and i n t e n d e d  t o  
c o l l e c t  se s to n  m a t e r i a l  b e f o r e  be ing  h i g h l y  decomposed, much 
of  which may not  j o i n  t h e  s ed im en t .  The bottom t r a p  was 
p la c e d  j u s t  above t h e  sed iment  and i n te n d e d  t o  c o l l e c t  a l l  
p a r t i c u l a t e  m a t e r i a l  which may j o i n  t h e  s e d im e n t .  S e s t o n  
t r a p s  were p la c e d  a t  s t a t i o n  1 o n l y ,  a s i t e  judged t o  be 
r e p r © s e n t a t i v e  o f  t h e  whole  l a k e .  A f l o a t  and an a n c h o r  
were a lw ays  used t o  m a i n t a in  t h e  u p r i g h t  p o s i t i o n  of  t h e  
c y l i n d e r s  and p r e v e n t  d r i f t i n g .  The c o n t e n t s  of  e a c h  
c y l i n d e r  were c o l l e c t e d  in  a p o l y t h e n e  b o t t l e  once a month
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S e s t  o n f . r  a pi s- c: o n s i s t  s, o f  4 i d e n t .1 c a 1 f. u. b e s a n d t  h e 
in a t  BA' i  a i 5 c o i  l e e t e d  i n  i tube-; was- used i n  b iom ass  
d e t e r m i n a t i o n .  Seston  c o l l e c t e d  i n  t h e  o t h e r  t u b e s  c o u ld  not  
be d r i e d  due t o  t h e  n a t u r e  o-f t h e  a n a ly s e s  i n v o l v e d .  
However ,  i t  would have been u s e f u l  t o  exam ine t h e  v a r i a t i o n s  
among t h e  i d e n t i c a l  t u b e s  a t  l e a s t  on some o c c a s s io n s .
t h r o u g h o u t  t h e  second y e a r  o-f s a m p l i n g  and t h e  c y l i n d e r s  
w e re  r e p l a c e d  i m m e d i a t e l y  -for t h e  c o l l e c t i o n  o f  t h e  n e x t  
samp 1 e „ F r  om eac h dep t  h , an e samp 1 e was cons i d e r  ed f  o r  
ses to n  biomass and m in e r a l  c o n te n t  e s t i m a t i o n ,  one sample  
■for c h e m ica l  a n a l y s i s ,  one -for m ic ro s c o p ic  e x a m in a t i o n  and 
one f o r  e n e rg y  c o n t e n t .  * See o p p o s i t e .
6 . 2 . 2 .  Seston biomass a
The c o n t e n t s  o-f one c y l i n d e r  were - f i l t e r e d  th r o u g h  a 
p r e h e a te d  <110°C -for 3 hours )  and weighed GF/A - f i l t e r  paper  
t o  m in im iz e  e r r o r  due t o  m o is tu r e  c o n t e n t .  The sample  w i t h  
t h e  - f i l t e r  paper  was then  d r i e d  in  an oven -for 6  hours  a t  
110oC t o  g e t  a c o n s ta n t  d ry  w e ig h t .  The w e ig h t  o f  t h e  
• f i l t e r  paper  was then  s u b t r a c t e d  and t h e  biomass p r e s e n te d  
as d r y  w e ig h t  o-f s e s to n /m 22 l a k e  s u r f a c e /m o n t h .  To m in im iz e  
t h e  l o s s  o-f v o l a t i l e  o r g a n ic  m a t t e r ,  t h e  d r y i n g  t e m p e r a t u r e  
c o u ld  not  be in c r e a s e d  a l th o u g h  i t  may s l i g h t l y  over­
e s t i m a t e  t h e  ses ton  biomass due t o  w a te r  m o le c u le s  t i g h t l y  
bound w i t h  t h e  ses ton  m a t e r i a l  ( A l l e n  e t  a l . ,  1 9 7 4 ) .
6 . 2 . 3 .  Seston c o m p o s i t io n  s
The c o n t e n t s  o-f one c y l i n d e r  was c o n c e n t r a t e d  t o  25ml 
by s e d im e n t a t io n  f o r  t h e  m ic ro s c o p ic  e x a m in a t io n  of  
d i f f e r e n t  components o f  s e s to n .  The c o n c e n t r a t e d  sample was
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t h e n  t r a n s f e r r e d  t o  a l a b e l l e d  v i a l  and k e p t  in  a 
r  e 1 1'" :i. g e i'” a t  o i'" b e f  a r  e b e i n g e x a m :i. n e d „ T h e y m e r e  g e n e r" a 11 y 
ex ami n ed  w :i. t  h :i. n a week a f c a  11 ec t  i  on „ Hav :i. ng 1 o a k e d  a t  fern 
samples p r e l i m i n a r i l y  under a h igh  power compound  
m ic ro s c o p e ,  d i f f e r e n t  components o-f ses to n  were c a t e g o r i z e d  
as o r g a n i c  d e t r i t u s ,  d ia to m s ,  o t h e r  a l g a e ,  r e c o g n i z e a t o l e  
pi a n t  p a r t s ,  C h i ro n o m id s ,  z o o p la n k to n  and m in e r a l  m a t t e r . .
D i f f e r e n t  c a t e g o r i e s  o-f ses ton  were then  e v a l u a t e d  b y  t h e  
p e r c e n t a g e  -frequency o-f o c c u r re n c e  method. From 25ml o-f t h e  
c o n c e n t r a t e d  sam ple ,  two drops o-f- ses ton  were p la c e d  on a 
m ic r o s c o p ic  s l i d e ,  covered  w i t h  a c o v e r s ! i p  and t h e n  10 
m ic r o s c o p ic  - f i e l d s  -from each s l i d e  were examined..  To a v o i d  
b i a s ,  a c rossed  h a i r  was a lways  used in  an eyep iece . .  A l l  
component o f  t h e  d i f f e r e n t  c a t e g o r i e s  of  ses ton  w h i c h  came  
under  t h e  c ro s s  in  each m ic ro s c o p ic  f i e l d  was c o u n t e d . .  A 
t o t a l  o f  40 s l i d e s ,  t o t a l l i n g  400 m ic ro s c o p ic  f i e l d s  of
o b s e r v a t i o n s  were used in  c a l c u l a t i n g  t h e  p e r c e n t a g e  
c o m p o s i t io n  of  d i f f e r e n t  c a t e g o r i e s  o f  s e s to n .
6 . 2 . 4 .  O rg an ic  and m in e ra l  m a t te r  ( lo s s  on i g n i t i o n )  i
O rg a n ic  m a t t e r  dom inates  t h e  c o m p o s i t io n  o f  s es to n  but  
i t  i s  e x t r e m e l y  d i f f i c u l t  t o  i n v e s t i g a t e  because t h e r e  i s  no 
known way by which t h e  t o t a l  q u a n t i t y  o f  t h e  o r g a n ic  m a t t e r  
can be e s t i m a t e d  w i t h  t h e  degree  of  a c c u ra c y  usual  in  
r o u t i n e  q u a n t i t a t i v e  i n o r g a n i c  a n a l y s i s  ( H u tc h in s o n ,  1967)..
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The s i m p l e s t  and most w i d e l y  used method of  o r g a n ic  c o n t e n t  
e s t  i m a t  i on i s i;. hi e "1  o s s o n i g n i t  :i. o n '' ,, hiut c h i n s o n < 19 5 7) a n d
A l i e n  a I  a l  „ ,, ( 1 9 7 4 )  c r i t i c a l l y  re v ie w e d  th e  method and
p o i n t e d  out  t h e  p o s s i b i l i t i e s  o-f over  e s t i m a t i n g  t h e  o r g a n i c  
c o n t e n t  due t o  a d d i t i o n a l  l o s s  o-f t i g h t l y  bound water, ,
However in  t h e  p r e s e n t  s tudy  t h e  o r g a n ic  m a t t e r  and  
m in e r a l  c o n t e n t  o-f t h e  ses ton  were d e te r m in e d  - fo l lo w in g  t h e  
method o-f " lo s s  on i g n i t i o n " -  The same ses ton  sample w h ic h  
was used -for biomass e s t i m a t i o n  was ashed in  a m u f f l e
•f u rn a e e  a t  6 0 0 °C -for 12 hours in  a d r i e d  p o r c e l a i n  c r u c i b l e , ,  
The ash w e ig h t  o-f t h e  ses ton  was d e te r m in e d  u s in g  a
c o r r e c t i o n  - fac to r  (O.OOlg) -for t h e  w e ig h t  lo s s  of  - f i l t e r  
paper  a t  600^0 .  The p e r c e n ta g e  l o s s  on i g n i t i o n  was 
c a l c u l a t e d  as a
Dry wt» o-f ses to n  <110°C> Ash wt„ o-f ses to n  <600°C>
Dry wt-  o-f ses ton  <110oC>
The ash r e m a in in g  a - f te r  t h e  lo s s  o-f o r g a n ic  m a t t e r  on 
i g n i t i o n  was c o n s id e r e d  t o  be t h e  m in e r a l  c o n te n t  o-f seston,,
6 . 2 . S. Carbon e s t i m a t i o n  (Loss on i g n i t i o n )  a
Carbon e s t i m a t i o n  -from lo s s  on i g n i t i o n  7 o-f o r g a n i c
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m a t te r  i s  a v e r y  p o p u la r  and w i d e l y  used t e c h n i q u e  due t o  
i t  s s i m p 1 :i. c :i. t  y . M a n y w o r  k e r  s c a  n & i d e r  t  h a t  t  h e m e t  h o d i  s  
too  rough,, D a l i  (1964)  examined th e  r e l a t i o n s h i p  between  
o r g a n ic  m a t t e r  and carbon us ing  th e  lo s s  on i g n i t i o n  method  
a n d o t  h e r  s i m i 3, a r  m e t  h o d s a n d -f o u n d a n a c c e p t  a to 3. e
c o r r e l a t io n ™  He a l s o  c la im e d  t h a t  t h e  r e s u l t s  a r e  l e s s
v a r i a b l e  th an  o t h e r  s i m i l a r  methods. The - f ig u r e  -for t h e
r a t i o  o f  o r g a n ic  m a t t e r / o r g a n i c  carbon which has long  been 
a c c e p te d  i s  i . 7 2  and i s  based on t h e  assum ption  t h a t  t h e  
o r g a n ic  m a t t e r  c o n t a i n s  S87. carbon ( A l l e n  e t  a l . 1 9 7 4 ) .  
H o w e v e r ,  t h e  r e s u l t s  o b t a in e d  by t h i s  method i s  t o  be
c o n s id e r e d  as a p p ro x im a te  o n l y .  In  t h e  p r e s e n t  s t u d y ,  
carbon c o n t e n t  o-f ses ton  was c a l c u l a t e d  as e
S e s to n ic  o r g a n ic  m a t te r  (Loss on i g n i t i o n )
Carbon * ------ -------- ----------------- - ------ -—---------------- -—■— ——— — •-—-— ......
1 .7 2
and a l l  t h e  r e s u l t s  were c o n v e r te d  as mg C /g  o-f s e s to n .
6 . 2 . 6 .  Chemical  a n a l y s i s  s
6 . 2 . 6 . 1 .  G enera l  s
Seston samples were - f i l t e r e d ^  d r i e d  ( 1 10oC) and 
c a r e - f u l l  y weighed as per  biomass d e t e r m i n a t i o n .  Known
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q u a n t i t i e s  o f  t h e  s a m p l e s  w e r e  p l a c e d  i n  a m i c r o  K . j e l d a h l
d i  g e s t  :i. on  f l a s k  a n d  t h e n  :1.0ml o-f t h e  d i g e s t !  on  mi K t u r e  was  
a d d e d t  o  e  a c  h f  1 a s  k „ T h e d i  g e s  t  i  o n m i  a t  u r  e w a s  m a d e w ;i. t  h 
0u 6g S e len ium  d i o x i d e ,  170 ml n i t r o g e n  -free c o n c e n t r a t e d  
H2S04 and made up t o  500ml w i t h  d i s t i l l  w a t e r . The s a m p l e s  
were th e n  b o i l e d  u n t i l  t h e  l i q u i d  became c l e a r  a n d  
c o l o u r l e s s ,  n o r m a l ly  -for about  10 hours  t o  d i g e s t  a l l  t h e  
o r g a n ic  m a t t e r  in  t h e  s e s to n .  A f t e r  c o o l i n g  t h e  samples in  
room t e m p e r a t u r e ,  50ml d i s t i l l e d  w a te r  was c a u t i o u s l y  added  
in  each - f lask  and t h e  c o n t e n t s  were t r a n s f e r r e d  t o  a 250 ml 
c a p a c i t y  c o n i c a l  f l a s k .  The d i g e s t e d  samples were f i l t e r e d  
w i t h  GF/A f i l t e r  pap ers  and t h e  f i l t r a t e  were n e u t r a l i z e d  b y  
t i t r a t i n g  w i t h  407. NaOH u s ing  a l i t m u s  paper  as i n d i c a t o r  
and t h e  samples were made up t o  250ml.
6 . 2 . 6 . 2 .  T o t a l  n i t r o g e n  :
I t  was assumed t h a t  a l l  t h e  n i t r o g e n o u s  compounds were  
c o n v e r te d  i n t o  ammonia d u r in g  t h e  m i c r o - K j e l d a h l  p r o c e s s .  
From 250ml o f  t h e  d i g e s t e d  ses ton  sam ple ,  a subsample o f  
10ml was ta k e n  i n  a 100ml c o n ic a l  f l a s k  and d i l u t e d  t o  50m l .  
The ammonia c o n c e n t r a t i o n  of t h e  d i l u t e d  sample was 
d e te r m in e d  s p e c t r o p h o t o m e t r i c a l l y  a c c o r d in g  t o  Z a d o r o jn y  @t 
a l . , < 1 9 7 3 ) .  A l l  t h e  r e s u l t s  were m u l t i p l i e d  by 5 as d i l u t i o n  
f a c t o r  and expressed  as mg NH4~N/g of  s e s to n .
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s e s to n  and sed im ent  in  m i c r o - K j e l d a h l  p r o c e s s ,  d i g e s t i o n  
t i m e  was d e t e r m in e d  by p l o t t i n g  t h e  c o n c e n t r a t i o n s  a g a in s t  
h ou rs  o-f d i g e s t i o n  and i t  was found t h a t  10  hours  were  
enough t o  d i g e s t  a l l  o r g a n ic  m a t t e r .  For  a c c u r a t e  e s t i m a t i o n  
of  N i t r o g e n  8< Phosphorus c o n c e n t r a t i o n s ,  t h e y  were d i l u t e d  
u s in g  subsam ples .  Some v a r i a t i o n  i s  e x p e c te d  due t o  d i l u t i o n
6 „ 2 „ 6., 3 „ 'T' o t  a I s a I u b 1 e r  e a «::: t  i v e o r  t  hi o p h o s l"i a t e  :
1" h e t  o t  a I s o 1 u b I e r  e a c.; t  i v e o r  t  h o p h o s p h a t e  w a s
d e te r m in e d  u s ing  t h e  r e m a in in g  d i g e s t e d  ses ton  sample., A
subsample o f  5m1 was s e p a r a te d  and d i l u t e d  40 t im e s  and t h e  
phosphate  c o n c e n t r a t i o n  was measured epe'ctrophotometr:L c a l  1 y 
a c c o r d in g  t o  M ackere th  e t  a l  » , (1978 )»  A l l  t h e  r e s u l t s  were
m u l t i p l i e d  by 40 as d i l u t i o n  - fac to r  and exp re ssed  as mg
P04 -• P /g  o-f s e s t o n « -s-see o p p o s i t e .
6 . 2 . 7 .  Energy  c o n t e n t  s
Seston  samples were sed imented in  a 1 l i t r e  c a p a c i t y  
c y l i n d e r  -for about  3 hours .  The s u p e r n a t a n t  was s iphoned  
c a r e - f u l l  y w i t h  a t h i n  p l a s t i c  t u b e ,  each sample  was 
t r a n s f e r r e d  t o  a d e s i c c a t o r  and d r i e d  in  an oven a t  i lO ^C  
•for about  4 hou rs .  Each sample was ground in  a sm a l l  m o r ta r  
and kep t  in  l a b e l l e d  v i a l  u n t i l  t h e  a n a ly s e s  were made.
The energ y  c o n te n t  o-f th e  ses ton  were d e te rm in e d  w i t h  a 
microbomb C a l o r i m e t e r  (Model AH 12 EF 2)« The p e l l e t s  made 
from t h e  whole  ses ton  sample d id  not  burn c o m p l e t e l y  in  t h e  
bomb C a l o r i m e t e r  because of  t h e  low c a l o r i f i c :  value, .  To 
f a c i l i t a t e  b u rn in g  t h e  s e s to n ,  t h e y  were mixed w i t h  B enzo ic  
a c i d ,  a h i g h l y  com bustab le  m a t e r i a l  w i t h  known c a l o r i f i c  
v a l u e .  P r e l i m i n a r y  t r i a l s  d e te rm in e d  t h a t  co m p le te
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Figure 44. Seasonal variations of seston biomass from March, 
1985 to February, 1986. Seston biomass is 
expressed in g/m2lake surface/month.
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c o m b u s t i o n  o c c u r r e d  i n  p e l l e t s  w i t h  a :L a 4 r a t i o  o f  s e s t o n  a 
B e n z a:i. c a <::: i  <::! „ T h e  t  wo c o m p o n e n  t  s w e r  e c a r  e f  u 11 y  gr  o u n d  a n d  
mi y, ed t  o g e t  h e r  b e f  o r  e b e i  ng  made :i. n t  a p e  1 l e t s .. T h e r  e  w a s  a 
good agreem ent  between d u p l i c a t e  r e s u l t s  -for a l l  s a m p l e s  
(see  c h a p t e r  -  7.  S ed im en t ,  f o r  d i s c u s s io n  o f  t h e  m e t h o d
us e d ) h
F i n a l l y ,  t h e  energy  c o n te n t  of  t h e  s e s to n  was 
c a l c u l a t e d  by s u b t r a c t i n g  t h e  energy  c o n t e n t  o f  t h e  B e nzo ic  
a c i d  f rom  t h e  t o t a l  energy  c o n te n t  o f  t h e  p e l l e t  and was 
exp re ssed  as K i l o  J o u l e s / g  d ry  w e ig h t  o f  s e s to n .
6 . 3 .  R e s u l t s  and D is c u s s io n  n
6 . 3 . 1 .  Seston biomass s
Seston biomass showed a d i s t i n c t  seasona l  v a r i a t i o n  in  
Dubh Lochan.  A p a r t  f rom th e  s i n g l e  summer peak a t  9m d e p t h ,  
t h e  se s to n  biomass a t  im and 9m depth  showed a lm o s t  m i r r o r  
images ( F i g . 4 4 ) .
In  t h e  upper t r a p ,  ses ton  biomass v a r i e d  f rom 20 t o  
SSg/m52 l a k e / m o n t h .  At t h e  b e g in n in g  o f  t h e  s tu d y  p e r i o d  in  
March,  1985 ,  ses ton  biomass was about  SSg/m22 l a k e / m o n t h ,  i t  
in c r e a s e d  g r a d u a l l y  t o  34g/mse la k e /m o n th  i n  May and th en  a 
r a p i d  i n c r e a s e  from l a t e  May lead  t o  i t s  s i n g l e  peak in
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A u g u s t  t o  a b o u t  8 5 g / m s l a k e / m o n t h , ,  I t  d e c l i n e d  s h a r p l y  
i  i i s e p t  e m b er  t.o a p p r o i  m a te  1 y 2 7 g / m^ l a k e / m o n t h  and  a f  t  e r  
t  h e a u t. u m n a v e r 1  u r  n , i  t  :i. n c r" e a s e d s I i  g h 1 1 y i  n (1!) c: t  o b e i'" a n cl 
November and reached  t o  i t s  low est  l e v e l  in  J a n u a r y ,  198 6  t o  
about  20g/m'^ l a k e /m o n t h .  In  t h e  low er  t r a p  <9m d e p t h ) ,  t h e  
seasona l  p a t t e r n  was q u i t e  d i f f e r e n t  f rom t h e  upper  t r a p , .  
At t h e  b e g in n in g  of  t h e  s tu d y  in  March,  1985 ,  se s to n  b i o m a s s  
was a p p r o x i m a t e l y  t w i c e  as h igh  as i n  t h e  upper  t r a p .  A 
g ra d u a l  i n c r e a s e  from March le a d  t o  i t s  f i r s t  peak i n  A p r i l  
t o  about  67g/ms l a k e /m o n t h .  A f t e r  t h i s  pea k ,  se s to n  b i o m a s s  
d e c l i n e d  s h a r p l y  t o  25g/m'?- la k e /m o n th  i n  June ,  i n c r e a s e d  
s l i g h t l y  i n  J u l y  and then  a r a p i d  r i s e  l e a d  t o  i t s  s e c o n d  
peak i n  August .  T h is  peak was s i m i l a r  t o  t h e  f i r s t  p e a k  i n  
s i z e .  I t  d e c l i n e d  r a p i d l y  in  September t o  about  2 i g / m ss 
l a k e / m o n t h ,  in c r e a s e d  s l i g h t l y  in  October  and th e n  a r a p i d  
r i s e  le a d  t o  i t s  t h i r d  and h ig h e s t  peak t o  about  6 9 g / m r;s 
l a k e /m o n th  in  November and December and s l i g h t l y  h i g h e r  
l e v e l s  rem ained  th ro u g h o u t  th e  w i n t e r .
High ses to n  biomass in  June and J u l y  in  t h e  upper t r a p  
was c o n t r i b u t e d  by a massive growth o f  P rotoderm a v i r i d e  
i n s i d e  t h e  ses ton  tu b es  a t  a t im e  of  t h e  h i g h e s t  p r o d u c t i o n  
of both  p h y to p la n k to n  ( F i g .  23) and z o o p la n k to n  ( F i g .  3 6 ) .  
D u r in g  t h i s  p e r i o d  Sph a e r o c y e t i s  s c h r o e t e r i  (Fig..  24) , 
Cryptomonas spp. , ( F ig .  28) , and O o c y s t is  spp. , (Fig. . 26)  
among p h y to p la n k to n  and K e l l l c o t t i a  l o n g i s p i n a  (Fig..  4 0 ) ,
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Cer i o da phn ia  r e t  I c u l  a t  a ( F i g .  3 9 )  , T r i c h o c e r c a  s i  mi 1 i  s  ( F i  g „ 
42) and E u d l  a p t o m u s  gr ac.:i I i  s ( F:i. g « 3 7 ) ,  among z o o p l  an k t  on
r e a c h e d  t o  t h e i r  p e a k s  t h r o u g h o u t  t h e  w a t e r  co lum n , ,  
A l t  h o u g h b o t  h p h y t  o p la n  k t  o n a n d z o a p 1 a n k t  o n p rod u c t  :i. a n w a s 
low d u r  in g  t h e  I1'! ighest  p r  a d u c t i o n  of  ses to n  i n  A u g u s t , i t  
was p r o b a b ly  due t o  t h e  t im e  taken  in  s e d i m e n t a t i o n  of  
p l a n k t o n  produced e a r l i e r  in  June and J u l y .  D u r in g  t h i s  
p e r i o d ,  m ass ive  growth  of  d ia tom s were a l s o  observed  ( F i g .  
45) in  t h e  ses ton  t r a p .  The s i g n i f i c a n t  c o n t r i b u t i o n  of  
p h y t o p la n k t o n  in  t h e  p r o d u c t io n  o f  ses ton  has been w e l l  
documented (Moss, 1970? Reed, 1970? L u n d g re n , 1 9 7 8 5 and 
P o l u n i n ,  1 9 8 2 ) ,  a l th o u g h  i t  i s  e x t r e m e l y  v a r i a b l e  f rom l a k e  
t o  l a k e  depending  on t h e  p r o d u c t i v i t y .  The s l i g h t  i n c r e a s e  
of  s e s to n  biomass d u r in g  October  and November c o u ld  be 
c o n t r i b u t e d  by in c r e a s e d  sup p ly  of  a l 1 ochthonous o r g a n ic  
m a t t e r  ( F i g .  4 6 ) .
High se s to n  biomass in  t h e  lower  t r a p  (9m d ep th )  d u r i n g  
t h e  s p r i n g  was p r o b a b ly  due t o  au toch tho nous  o r g a n i c  
d e t r i t u s  produced by t h e  death  and d ec o m p o s i t io n  o f  t h e  
l i t t o r a l  m acrophytes  in  th e  p r e v i o u s  w i n t e r  and took  a long  
t im e  t o  s e t t l e  f rom t h e  s u r f a c e  t o  t h e  bottom of  t h e  lake,,  
With in c r e a s e d  p h y to p la n k to n  p r o d u c t i o n ,  ses ton  biomass  
decreased  s h a r p l y  f rom May and was low th r o u g h o u t  t h e  summer 
e x c e p t  i n  August which cou ld  a l s o  be r e l a t e d  w i t h  t h e  s low  
r a t e  o f  s i n k i n g  of  p h y to p la n k to n  a f t e r  t h e i r  d e a th .
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H u t c h *  n s o n  <1967) r e p o r t e d  t h a t  p h y t o p l a n k t o n  an an aver age  
t  a k e 3 t  a 4 m a n t  h s t  o s e 11 !l, e a t  t  h e b a 11 a m a I 1  h a  u. g h ;i. t  
v a r i e s  f  rom  s p e c i  e s  t o  s p e c i e s  and L a k e  t o  L a k e  a c c o r d )  ng t o  
t h e  d @p t  h „ A f t e r  sed l  men t  i ng t  h e h i g h p h y t  op I an k t  a n 
pop u 1 a t  i o n p r  o d u c e d i n s u m m e r  a n d r e s u s pens i o n o f  t  hi e 
sed im ent  a f t e r  t h e  o v e r t u r n ,  an autumn peak o-f se s to n  
biomass i s  common <Leach,  19715$ Hal 1 egrae - f - f , 1978 and
P radeep 8< G upta ,  1986).,  High ses ton  biomass d u r i n g  t h e  
w i n t e r  months i s  p r o b a b ly  due t o  both  a u to ch th o n o u s  and 
a l 1ochthonous o r g a n ic  d e t r i t u s -  The au to ch th o n o u s  so u rc e s  
i n c l u d e  t h e  dea th  and d ec om pos i t ion  o-f huge q u a n t i t i e s  o-f 
l i t t o r a l  m acrophytes  and a q u a t i c  masses. The l i t t o r a l  
m acrophytes  in  Dubh Lochan i s  dominated by Fhr a g m i t e s s p „,  
which i s  - fo l lowed in  o r d e r  of  im p o r ta n c e  by Nymphaea s p « ,  
and Nuphar s p . , and a q u a t i c  mosses a r e  dominated by Sp h a g n u m 
s p .
Maximum i n p u t  of  r a i n w a t e r  th rough  t h e  i n f l o w  d u r i n g  
t h e  w i n t e r  months a l s o  c o n t r i b u t e d  h igh  q u a n t i t i e s  of  
o r g a n ic  m a t t e r  and i n o r g a n i c  m a t e r i a l s .  The s o u rc es  of  t h i s  
a l lo c h t h o n o u s  o r g a n ic  m a t te r  i n c l u d e  t h e  v e g e t a t i o n  o f  t h e  
catchm ent  p a r t i c u l a r l y  t h e  s o f t  wood and humic s u b s ta n c e s  
from t h e  p e a t  l a y e r s  o-f t h e  moorland in  t h e  upper r e a c h e s  of  
t h e  ca tchm ent  of  Dubh Lochan.
A l 1ochthonous o r g a n ic  m a t t e r  c ou ld  c o n t r i b u t e
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Figure 45. Seasonal variations of seston composition from March, 
1985 to February, 1986. Seston composition is 
expressed as percentage.
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s i g n i f i c a n t l y  t o  t h e  s e s t o n  b i o m a s s  i n  l a k e s  <M i n s h a l 1 ,  
1966; ;  I,... e a c l"i, 1 9 7 5 )  a 1 i  l"i o  u g l'"i i  t  i  s  e  t  r  e m e 1 y  v  a r  i  a b I e f  r  a m
1 a k e  t  o  1 a k e  d e p e n d  i  r ig on  t  h e  geo g r  a p h  i  c a  1 e o n d  i  t  :i. o n  , f  e e d e r 
s t ream s  and t h e  n a t u r e  o-f t h e  n e ig h b o u r in g  a r e a .
6 . 3 . 2 m Seston c o m p o s i t io n  s
The components of  ses ton  were c a t e g o r i s e d  i n t o  6  g roups  
v i z  n o r g a n i c  d e t r i tu s .?  diatoms? o t h e r  a lgae? r e c o g n i  z e a b l  e 
p l a n t  p a r ts ?  s o o p la n k to n  i n c l u d i n g  C h irono m idae  and 
m i n e r a l s .  G re a t  v a r i a t i o n s  in  t h e  c o m p o s i t io n  of  s e s to n  was 
observed  both  s e a s o n a l l y  and v e r t i c a l l y  ( F i g .  45)«
O rg a n ic  d e t r i t u s  8
O rg a n ic  d e t r i t u s  c o n s t i t u t e d  t h e  major  b u lk  o f  s es to n  
and showed g r e a t  d i f f e r e n c e s  between t h e  upper and low e r  
t r a p s .
In  t h e  upper  t r a p  ( lm d e p t h ) ,  o r g a n ic  d e t r i t u s  v a r i e d  
f rom 16--80% of  t o t a l  s e s to n .  Dur ing  March and A p r i l ,  1985 ,  
o r g a n ic  d e t r i t u s  was a t  i t s  h i g h e s t  l e v e l  and c o n t r i b u t e d  
80"/, o f  s e s to n .  I t  d e c l i n e d  s l i g h t l y  in  May and then  a r a p i d  
d e c re a s e  r e s u l t e d  in  i t s  low est  l e v e l  t o  a p p r o x i m a t e l y  16% 
in  June and s i m i l a r  l e v e l s  remained up t o  August .  O rg a n ic  
d e t r i t u s  in c r e a s e d  g r a d u a l l y  f rom August and reached  t o  65%
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i n N o v e m b 0 r  a n d s 1 :i. g h 1 1 y h i g h e r  l e v e l  s r  e m a i n e d t  h r  o u. g h o u t  
th e  w in te r . ,
In  t h e  bot tom t r a p  <9m d e p t h ) ,  o r g a n ic  d e t r i t u s  ranged  
•from 50"/. t o  8 4 ’/. o-f t h e  t o t a l  s e s to n .  D e t r i t u s  c o n s t i t u t e d  
63"/. i n  March ,  1985,  i t  d e c l i n e d  t o  t h e  lo w e s t  l e v e l  i n  A p r i l  
t o  a p p r o x i m a t e l y  50"/. and then  in c r e a s e d  g r a d u a l l y  t o  t h e  
h i g h e s t  l e v e l  in  June,  c o m p r is in g  84"/« of  t h e  s e s to n .  A f t e r  
t h i s  p e a k ,  i t  d e c l i n e d  t o  58"/. i n  J u l y .  From J u l y  t o
F e b r u a r y ,  1986 ,  d e t r i t u s  c o n t r i b u t e d  5 8 “-737. o-f se s to n  
showing i r r e g u l a r  - f l u c t u a t i o n s .
A l t h o u g h ,  t h e  r a t e  o-f d ec om pos i t ion  o-f o r g a n ic  m a t t e r  
must be exp e c te d  t o  be h ig h e r  d u r in g  t h e  warmer summer
months,  low c o n c e n t r a t i o n s  o-f d e t r i t u s  i n  t h e  upper t r a p  
•from June t o  October  was due t o  t h e  in - f lu e n c e  o-f a l g a l  
growth  i n s i d e  t h e  ses ton  tu b e s .  H ig h e s t  c o m p o s i t io n  of
o r g a n ic  d e t r i t u s  in  t h e  bottom t r a p  in  June and h ig h
c o n c e n t r a t i o n s  d u r in g  t h e  whole  summer c o u ld  be r e l a t e d  t o  
t h e  h ig h  r a t e  o-f d ec om pos i t ion  due t o  m i c r o b i a l  a c t i v i t y  
( J o n e s , 1 9 7 6 ) .
D ia tom s 8
Diatom® c o n s t i t u t e d  t h e  second im p o r t a n t  component o-f
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b i  o s e s t o n  a t  b o t h  d e p t h s  a n d  s h o w e d  d i  s t i  n e t  s e a s o n a l  a n d  
v  e i-'" t  :i. c a 1 v  a r  :i. a I: :i. o n s .
In  t h e  upper  t r a p ,  d ia tom s c o n s t i t u t e d  between 5 and 
71% o f  t h e  t o t a l  s e s to n .  D ur ing  h igh  p r o d u c t i o n  o f  d ia to m s  
th r o u g h o u t  t h e  w a te r  column in  s p r i n g  t h e y  c o n t r i b u t e d  
between 9 and 16% of  ses ton  . The p o p u l a t i o n  i n c r e a s e d  
g r a d u a l l y  f rom June and reached t o  71% i n  August .  In  
September and O c to b e r ,  d ia tom s d e c l i n e d  t o  50%. In  
November, t h e  Diatoms d e c l i n e d  v e r y  s h a r p l y  t o  15% and a 
g ra d u a l  d e c re a s e  from December r e s u l t e d  i n  t h e i r  l o w e s t  
l e v e l  i n  J a n u a r y ,  1986.
In  t h e  low er  t r a p ,  t h e  c o n t r i b u t i o n  o f  d ia to m s  were  
much lo w e r  than  t h e  upper  t r a p  and v a r i e d  between 3 and 30% 
of t o t a l  s e s to n .  Diatoms c o n s t i t u t e d  23% of  ses to n  i n  March  
and th e n  i n c r e a s e d  t o  t h e  h i g h e s t  l e v e l  o f  about  30% in  
A p r i l .  They d e c l i n e d  s h a r p l y  in  May and reached  t o  6% in  
June.  The c o n t r i b u t i o n  o f  d ia tom s from June t o  F e b r u a r y ,  
1986 was v e r y  low ,  r a n g in g  from 3 t o  10% w i t h  i r r e g u l a r  
f l u c t u a t i o n s .
O ther  a l g a e  #
A l l  o t h e r  a l g a l  s p e c ie s  c o n s t i t u t e d  t h e  t h i r d  im p o r t a n t  
component o f  b io s e s t o n .
Page 127
I  n t  h e u p p 0 i'" t  r  ap , a 1 1 o t  h e r  a l g a  1. a p 0 c i  0 s t  a  g e t  h e  r  
c o n t r : i  b u t e d  b e t w e e n  2 and 59% o-f t o t a l  s e s t o n , .  From M a r c h  
t o  May, 1985 t h e y  were v e r y  low,  c o n t r i b u t i n g  between 2 and  
3%. The p o p u l a t i o n s  in c r e a s e d  v e r y  r a p i d l y  t o  59% i n  June ,  
d ec re ased  s l i g h t l y  in  J u l y  and then  d e c l i n e d  v e r y  r a p i d l y  t o  
4% in  August .  From August t o  F e b r u a r y ,  1986 ,  t h e  
c o n t r i b u t i o n  o-f o t h e r  a l g a l  s p e c ie s  were v e r y  low ,  r a n g i n g  
■from 2-6% o-f t h e  ses ton*
In  t h e  low er  t r a p ,  a l l  o t h e r  a l g a l  s p e c ie s  c o n t r i b u t e d  
between 2 and 3% of  t h e  ses ton  t h r o u g h o u t  t h e  y e a r  e x c e p t  in  
J u l y  when t h e y  reached  t o  a p p r o x im a t e l y  16%*
V e ry  h ig h  c o n t r i b u t i o n  of  o t h e r  a l g a l  s p e c ie s  i n  June  
and J u l y  in  t h e  upper  t r a p  and s l i g h t  i n c r e a s e  i n  J u l y  in  
th e  lo w e r  t r a p  was m a in ly  due t o  t h e  growth o f  a p e r i  phyt ic ,  
green a l g a e ,  Pj iotoderma v i r i d e  (no t  observed  in  p l a n k t o n )  
I n s i d e  t h e  ses ton  tu b e s  r a t h e r  than  t h e  s e d i m e n t a t i o n *  
A lthough  s e v e r a l  s p e c ie s  of  a lg a e  showed summer maximum 
th r o u g h o u t  t h e  w a te r  column,  th e y  c ou ld  not  be r e c o g n iz e d  in  
t h e  s e s to n  because a f t e r  t h e i r  dea th  and d e c o m p o s i t io n ,  t h e y  
j  o i ned d e t r i t u s .
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R ecog  n :i. z ab 1 0 p l a n t  p a r t s  ( m a i n l y  p a r t l y  d e c o m p o s e d
a q u a t  i  c m a c r  o p h y t. e s a n d m o s s l e a v e  s ) s
R e c o g n iz a b le  p l a n t  p a r t s  were a lw a ys  v e r y  low i n  b o t h  
t h e  upper  and lower  t r a p s .
In  t h e  upper t r a p ,  i t  v a r i e d  f rom 2-4% o f  t h e  s e s t o n  
and showed no d i s t i n c t  seasonal  d i s t r i b u t i o n  p a t t e r n s .
In  t h e  bot tom t r a p ,  i t  c o n t r i b u t e d  between 2 and 9% o f  
t h e  s e s to n  w i t h  t h e  h i g h e s t  l e v e l  in  A p r i l  which c o u ld  be  
r e l a t e d  w i t h  t h e  d ea th  and d ec o m p o s i t io n  o f  l i t t o r a l  
m acrophytes  d u r in g  t h e  p r e v i o u s  w i n t e r .  P l a n t  p a r t s  
o r i g i n a t i n g  from a l 1ochthonous sources  and d r i f t e d  i n t o  t h e  
Lake c o u ld  a l s o  be an im p o r ta n t  s o u rc e .  I t  i s  e x t r e m e l y  
d i f f i c u l t  t o  measure t h e  r e l a t i v e  p r o p o r t i o n s  o f  
a l 1ochthonous and au toch thonous  p l a n t  p a r t s  i n t o  t h e  
c o m p o s i t io n  o f  ses ton  and no such a t te m p t  was made i n  t h e  
p r e s e n t  s t u d y .
Zoo p lan k to n  8
The c o n t r i b u t i o n  o f  z o o p la n k to n  i n  t h e  s es to n  i n  b o t h  
t h e  upper  and low er  t r a p  was v e r y  low ,  r a n g in g  f rom 2 t o  3% 
and showed no d i s t i n c t  seasonal  or  v e r t i c a l  d i s t r i b u t i o n
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p a 11 e i"' n s „ "I" h 0  r  a t e  o f  d e c o m p o s :i. 1 1 o n o f  z o o p I a n t: o n i s
h :i. g h 0 r  t  h an t  h e ot  h e r  compon 0 n t  s o f  b i o s e s t  on and a f t  e r
t  )• ) e :i, r  d e a t  I 1 , t  h e y 5 o o n b e c o m e  u n i'“ e <:: o g n :i z a b 1 e  d 0 1 r  i t  u s» „
M i n e r a l s  s
M in e r a l  c o n te n t  o f  ses to n  showed s i m i l a r  sea sona l
p a t t e r n s  i n  both  t h e  upper and low er  t r a p  b u t  t h e
p e r c e n t a g e  o f  m i n e r a l s  were s l i g h t l y  h i g h e r  i n  t h e  lo w e r
t r a p  th a n  t h e  upper  t r a p .
In  t h e  upper t r a p ,  i t  v a r i e d  f rom 1-217. o f  t o t a l
s e s to n .  From March t o  August ,  .1985, m in e r a l  c o m p o s i t io n
v a r i e d  between 1 and 57.. I t  in c r e a s e d  t o  107. i n  September  
and th e n  d e c l i n e d  t o  57. in  October  f o l l o w e d  by a g r a d u a l  
i n c r e a s e  t o  t h e  h i g h e s t  l e v e l  of  a p p r o x i m a t e l y  217. i n
F e b r u a r y ,  1986.
In  t h e  lower  t r a p ,  m in e ra l  co m p o s i t io n  o f  s e s to n  ranged
from 3 t o  307. o f  t o t a l  s e s to n .  M in e r a l  c o n t e n t s  o f  ses to n
were v e r y  low from March t o  June,  1985 and v a r i e d  between 3
and 67.. I t  in c r e a s e d  g r a d u a l l y  f rom J u l y  and reached  t o  207, 
in  September .  In  O c to b e r ,  i t  d e c l i n e d  t o  117. and a g a in  
i n c r e a s e d  t o  th e  h i g h e s t  l e v e l  of  a p p r o x im a t e l y  307, in
November. The c o n c e n t r a t i o n s  d e c l i n e d  t o  207. in  December  
and s i m i l a r  l e v e l s  remained th ro u g h o u t  t h e  w i n t e r .
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o-f m:i. n e r a  1 s i n November and camparat  :L vs 1 y h igh  1 eve  1 s dur i ng 
t h e  whole  w i n t e r  seems t o  be r e l a t e d  w i t h  t h e  maximum i n f l o w  
of  r a i n w a t e r  c a r r y i n g  f i n e  m in e r a l  p a r t i c l e s  f rom  t h e  
n e i g h b o u r in g  a r e a  i . e .  a l 1ochthonous r a t h e r  th an  r e c y c l i n g  
from t h e  sed im ent  a t  t im e s  of  t u r n o v e r .
The m in e r a l  c o n te n t  e s t i m a te d  a f t e r  t h e  l o s s  o f  o r g a n i c  
m a t t e r  on i g n i t i o n  was much h ig h e r  than  t h e  p r e s e n t  method 
and v a r i e d  between 35 and 657. of  t o t a l  ses ton  ( F i g .  4 6 ) .  
However s i n c e  lo s s  on i g n i t i o n  was done on d r i e d  samples ( a t  
l lO ^C  f o r  3 h o u r s ) ,  and i f  o r g a n ic  m a t t e r  c o n t a i n s  
a p p r o x i m a t e l y  907. w a te r  then  357. m in e r a l  i s  e q u i v a l e n t  t o  
5.17. of  a h y d r a te d  sample and s i m i l a r l y  657. i s  e q u i v a l e n t  t o
157.. Most m i n e r a l s  a r e  denser  than  o r g a n ic  d e t r i t u s  and 
a l g a l  m a t e r i a l .  The f re q u e n c y  of  o c c u r re n c e  of  d e t r i t u s  and 
a l g a l  m a t e r i a l  w ere ,  t h e r e f o r e ,  h i g h e r  than  m in e r a l  
p a r t i c l e s .  A l though  t h e  co m p o s i t io n  of  m i n e r a l s  in  se s to n  
assessed by t h e  two methods v a r i e d  g r e a t l y ,  t h e  seasona l  
f l u c t u a t i o n s  showed s i m i l a r  p a t t e r n s  d u r in g  t h e  whole  p e r i o d  
of  s t u d y .
The r e s u l t s  of  ses ton  c o m p o s i t io n  i n d i c a t e  t h a t  t h e  
upper t r a p  dm  dep th )  was not  s u i t a b l e  f o r  ses to n  c o l l e c t i o n
Figure 46. Seasonal variations of organic matter and mineral
content in seston from March, 1985 to February, 1986. 
Organic matter and mineral content is expressed as 
percentage.
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b e c:: a u s e o -F- p e i'" :i. p h y t  i  c: a I g a .1 g r  o w t  h i  n s i  d 0 t  h e s e s t  o n t  a b 0 s
d u r  :i. n g t  h 0 s u rn m 0 r  m o n t. h 0 T h e b o 11 o m t r a p  wa s -f r  0 e f r  o m 
s u <:::h a l a g a l g r a w11") and a t r u e  p i  c t u r e  a f  s e s t o n  a t  t h a t  
depth  was obs erved ,
6 . 3 , 3 .  O rg a n ic  and m in e r a l  m a t te r  ( l o s s  on i g n i t i o n )  s
T o t a l  o r g a n ic  c o n te n t  o-f t h e  ses to n  was a lw a ys  h i g h e r  
in  t h e  upper  t r a p  than  t h e  bot tom t r a p  ( F i g .  4 6 ) .
In  t h e  upper  t r a p ,  o r g a n ic  m a t t e r  ranged -from 50 t o  807, 
o-f t o t a l  s e s to n .  From March t o  May, 1985 i t  v a r i e d  between  
60 and 657.. The c o n c e n t r a t i o n s  i n c r e a s e d  s h a r p l y  t o  797, in  
June and s i m i l a r  l e v e l s  remained t i l l  August .  I t  d e c l i n e d  
s h a r p l y  t o  587. in  September and 537. in  O ctober  and s i m i l a r  
l e v e l s  rem ained  up t o  F e b r u a r y ,  1986.
In  t h e  bot tom t r a p ,  o r g a n ic  c o n te n t  v a r i e d  between 35  
and 697. o-f t o t a l  s e s to n .  O rgan ic  m a t te r  c o n t r i b u t e d  487, o-f 
ses to n  in  March,  1985,  i t  d e c l i n e d  g r a d u a l l y  t o  397. in  May 
and th en  a r a p i d  i n c r e a s e  in  June l e a d  t o  t h e  h i g h e s t  l e v e l  
o-f about  697. in  J u l y .  The c o n c e n t r a t i o n s  d e c l i n e d  g r a d u a l ! y  
•from August and reached t o  377. in  December, i t  i n c r e a s e d  
s l i g h t l y  in  J a n u a r y ,  1986 and reached t o  487. in  F e b r u a r y .
O rg an ic  c o n te n t  o-f t h e  ses ton  in  t h e  upper  t r a p  was
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a l  w ays  h i  g i'ie r  t  han t  he bo11om t r a p wh :i. c h c:a u 1 d be r  e l a t e d  t  o 
t  h e d e g r  e e o f de c o m p o s  :i. t  :i. o n» M i g h q u a n 1i1 i  e s o -f s  e  s  t  a n 
p r o d u c e d  i n  t h e  u p p e r  ' few m e t r e s  o f  w a t e r  t a k e s  a l o n g  t i m e  
t o  re a c h  t h e  bot tom and d u r in g  t h e  s i n k i n g  p r o c e s s ,  seston 
p a r t i c l e s  a r e  decomposed i n t o  - f ine  d e t r i t u s  due t o  m icrobial 
a c t i  v i  t y «
High p e r c e n ta g e  o-f o r g a n ic  m a t t e r  i n  t h e  upper  trap  
■from June t o  August was c o n t r i b u t e d  m a in ly  by t h e  growth o-f 
P rotoderm a v i r i d e  i n s i d e  t h e  ses to n  tu b e  r a t h e r  than the  
t r u e  sed im ented  s e s to n .  The bottom t r a p  was -free -from such 
i n - f l u e n c e ,  h igh  c o n c e n t r a t i o n s  o-f o r g a n ic  m a t t e r  could be 
r e l a t e d  w i t h  t h e  n a t u r e  o-f d e t r i t u s ,  produced mainly -from 
t h e  d e a th  and d ec om pos i t ion  o-f p h y t o p la n k t o n .  Although 
ses ton  biomass was h igh  d u r in g  t h e  w i n t e r  months (F ig. 44) , 
t h e  p e r c e n t a g e  l o s s  on i g n i t i o n  was low.  D u r in g  t h i s  t im e  
most of t h e  ses ton  o r i g i n a t e d  -from l i t t o r a l  m acrophytes  and 
a l  1 ochthonous o r g a n ic  and i n o r g a n i c  m a t t e r s  o-f v e r y  
d i - f - fe re n t  n a t u r e .
M in e r a l  c o n te n t  o-f ses ton  in  t h e  bot tom t r a p  was always 
h i g h e r  than  in  t h e  upper  t r a p  ( F i g .  4 6 ) .  In  t h e  upper  t ra p ,
m in e r a l  c o n te n t  o-f ses ton  ranged -from 20 507. From March to
May, 1985, i t  v a r i e d  between 35 and 407. of t o t a l  seston. 
The c o n c e n t r a t i o n s  d e c l i n e d  s h a r p ly  t o  217. i n  June and 
s i m i l a r  l e v e l s  remained t i l l  August .  I t  i n c r e a s e d  sharply
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i n  S e p t e m b e r  a n d  t h e n  a g r a d u a l  i n c r e a s e  l e a d  t o  t h e  h i g h e s t  
l e v e l  o f  a b o u t  507, i n  N o v e m b e r  a n d  s i m i l a r  l e v e l s  r e m a i n e d  
u p t  o  F o b r  u  a r  y , 19 8 6»
In  t h e  bot tom t r a p ,  m in e r a l  c o n t e n t s  were much h i g h e r  
than  t h e  upper  t r a p  and v a r i e d  between 31 and 637 o f  s e s to n ,  
The c o n c e n t r a t i o n s  i n c r e a s e d  g r a d u a l l y  f rom 527 i n  March t o  
617 i n  May. I t  d e c l i n e d  s h a r p l y  in  June and reached  t o  t h e  
lo w e s t  l e v e l  of  approx i matel  y 317 in  July . .  The  
c o n c e n t r a t i o n s  in c r e a s e d  g r a d u a l l y  f rom August and re ac h ed  
t o  t h e  h i g h e s t  l e v e l  o f  about  637 in  December and then  
d e c l i n e d  g r a d u a l l y  t o  527 in  F e b r u a r y ,  1986.
M i n e r a l  p a r t i c l e s  of  ses ton  coming m a in ly  f rom  
a l l o c h t h o n o u s  sources  showed a d i r e c t  r e l a t i o n s h i p  w i t h  
r a i n f a l l  ( T a b le  1> and i n f l o w  r a t e s .  Lowest c o n c e n t r a t i o n  
d u r in g  t h e  d ry  p e r i o d  in  summer was a s s o c i a t e d  w i t h  low  
i n f l o w  r a t e  due t o  low r a i n f a l l  and h igh  c o n c e n t r a t i  ons 
du ing  t h e  whole  w i n t e r  cou ld  be r e l a t e d  w i t h  h ig h  i n f l o w  
r a t e  due t o  maximum r a i n f a l l ,  c a r r y i n g  maximum amount of  
m in e r a l  p a r t i c l e s  i n t o  t h e  l a k e .
6 , 3 . 4 .  Carbon c o n te n t  (Loss on i g n i t i o n )  s
Carbon c o n te n t  o f  ses ton  showed s i m i l a r  p a t t e r n s  of  
seasona l  v a r i a t i o n s  a l th o u g h  t h e  v a l u e s  were a lw a ys  h i g h e r
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Figure 47. Seasonal variations of carbon content in seston 
from March, 1985 to February, 1986. Carbon 
content is expressed in mgC/g of seston.
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i n t  h e u p p & i'" 1 1'1' a p t. hi a n t  h e 1 o w e r  t  r  a p ( F :i, g « 4 7 ) „
11") t  h 0 u p p 0 r  1r  a p , c a r  I::) o n c q n 1 0 n t  v a r  i 0 d b 0 1 w e 0 :l. 6 (!)» 4 
and 4 6 0 - 4  mg/g- Carbon c o n te n t  was v e r y  low in  March <21:1.3 
m g / g ) ,  1985 ,  i t  i n c r e a s e d  g r a d u a l l y  th ro u g h  J u l y  and re ac h ed  
t o  t h e  h i g h e s t  l e v e l  <460-4  mg/g) in  June- I t  d e c l i n e d  
th ro u g h  J u l y  and reached t o  3 2 7 - 6  mg/g in  August  and then  
i n c r e a s e d  s l i g h t l y  <342-7  mg/g) i n  September-  Carbon c o n t e n t  
d e c l i n e d  g r a d u a l l y  -from October  and reached  t o  t h e  lo w e s t  
1 eve 1 <160-4  mg / g > i n J a n u a r y , 1986 and theri  i ncr  eased
s l i g h t l y  in  F e b r u a r y .
In  t h e  lower  t r a p ,  carbon c o n te n t  ranged -from 125 -11  t o  
3 7 8 . 5  mg/g o f  s e s to n .  I t  showed s i m i l a r  p a t t e r n s  of  
seasona l  v a r i a t i o n s  as was observed in  t h e  upper  t r a p .
The h i g h e s t  carbon c o n te n t  in  t h e  upper  t r a p  in  June  
and h igh  l e v e l  th ro u g h o u t  t h e  summer months co u ld  be due t o  
p e r i  p h y t i c  a l g a l  growth  i n s i d e  t h e  ses to n  tu b e s  r a t h e r  than  
sed i  m enta t  i on of  s e s t o n . Garham & Sanger  <1967) r  epor  t  ed 
t h a t  carbon c o n t e n t  o f  p h y to p la n k to n  i s  much h i g h e r  th a n  t h e  
o r g a n ic  d e t r i t u s .  The h ig h e s t  l e v e l  o f  carbon i n  t h e  upper  
t r a p  in  June and h igh  l e v e l  f rom l a t e  s p r in g  t o  mid summer 
c ou ld  be due t o  h igh  c o n c e n t r a t i o n  of  a l g a l  m a t e r i a l  i n  t h e  
s e s to n .  Low carbon c o n te n t  d u r in g  e a r l y  s p r i n g  and t h e  
whole  w i n t e r  cou ld  be due t o  i n c r e a s e d  p a r t i c i p a t i o n  of
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Figure 48. Seasonal variations of total nitrogen content in 
seston from March, 1985 to February, 1986. 
Nitrogen content is expressed in mg NH4 - N/g of 
seston.
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6 . 3 .  5 .  T o t a l  n i t r o g e n  s
T o t a l  n i t r o g e n  c o n c e n t r a t i o n s  o f  s es to n  showed g r e a t  
s easona l  v a r i a t i o n s  i n  both  t h e  upper  and low e r  t r a p s  (Fig, .  
48> .
In  t h e  upper t r a p ,  n i t r o g e n  c o n c e n t r a t i o n s  ranged  from  
11-"99 mg/g o f  ses ton  w i t h  two d i s t i n c t  seasona l  p e a k s ,  one 
i n  t h e  l a t e  summer and t h e  o t h e r  in  e a r l y  autumn« From 
March t o  June ,  1985,  t h e  c o n c e n t r a t i o n s  v a r i e d  -from 15 t o  20 
mg/g of  ses ton *  I t  in c r e a s e d  v e r y  r a p i d l y  in  J u l y  t o  96mg/g  
and reac hed  t o  t h e  h i g h e s t  l e v e l  o f  99mg/g in  August* A f t e r  
t h i s  peak t h e  c o n c e n t r a t i o n s  d e c l i n e d  s h a r p l y  in  September  
t o  15 mg/g and a g a in  in c r e a s e d  t o  a second peak of  
a p p r o x i m a t e l y  45 mg/g of  ses ton  in  O c to b e r .  N i t r o g e n  
c o n c e n t r a t i  ons d e c 1 i ned s h a r p ly  i n November and re a c h e d  t o  
t h e  lo w e s t  l e v e l  of  a p p r o x im a t e l y  l lm g / g  i n  December and 
s l i g h t l y  h i g h e r  l e v e l s  remained t h r o u g h o u t  t h e  w i n t e r .
In  t h e  bottom t r a p ,  t h e  c o n c e n t r a t i o n s  v a r i e d  from  
1 0 -8 9  mg/g o f  ses ton  and showed t h r e e  d i s t i n c t  seasona l  
p eaks ,  a major  peak in  summer and two o t h e r  minor  peaks in
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la te -  s p r i n g  and e a r l y  autumn,, The lo w e s t  c o n c e n t r a t i o n  of  
n :i. t  r  o g e n w a s o I::) s e r  v e d :i. n M a r  e h , 19 8 Id , i t  1 n c r  ease  d s 1 :i, g h 1 1 y
in  A p r i l  and then a r a p i d  r i s e  lead  t o  t h e  -f :i r s t  pea!; of
a p p r o x i m a t e l y  35mg/g o-f ses ton  in  May. I t  d e c l i n e d  s l i g h t l y
i n June a n d t  h e n a r  a p i d i n c r  e a s e 1 e a cl t  o t h e  h i g h e s t  p e a !■:
o-f about  09mg/g o-f ses ton  d u r in g  J u l y  and August,, A f t e r  
t h i s  pea k ,  n i t r o g e n  c o n c e n t r a t i o n s  d e c l i n e d  s h a r p l y  t o  IS  
mg/g in  September and a g a in  in c r e a s e d  t o  i t s  t h i r d  peak of  
about  30mg/g in  December and s i m i l a r  l e v e l s  rem ained  
t h r o u g h o u t  t h e  w i n t e r .  The c o n c e n t r a t i o n  o-f n i t r o g e n  
depends upon t h e  n a t u r e  and c o m p o s i t io n  of- seston,,  The 
h i g h e s t  c o n c e n t r a t i o n  o-f n i t r o g e n  d u r in g  J u l y  and August  in  
t h e  upper t r a p  was c o n t r i b u t e d  by l i v i n g  a l g a e  due t o  t h e  
growth o-f Protoderm a v i r i d e  i n s i d e  t h e  ses to n  tubes,,  Among 
n i t r o g e n o u s  compounds p r o t e i n s  a r e  t h e  most i m p o r t a n t  
c o n s t i t u e n t s  o-f l i v i n g  t i s s u e  and account  -for a l a r g e  
p r o p o r t i o n  o-f t o t a l  n i t r o g e n  c o n te n t  ( A l l e n  e t  a l « , 1 9 7 4 ) .  
Barnes & Mann (1980)  r e p o r t e d  t h a t  some s p e c ie s  o-f a l g a e  may 
c o n t a i n  up t o  507. p r o t e i n  when t h e y  a r e  growing a c t i v e l y .
A l though  t h e  bottom t r a p  was f r e e  from a l g a l  g r o w th ,  
t h e  h i g h e s t  c o n c e n t r a t i o n s  of  n i t r o g e n  in  t h e  same p e r i o d  
co u ld  be due t o  h igh  c o n c e n t r a t i o n *  of  a l g a l  m a t e r i a l  i n  t h e  
ses to n  a f t e r  t h e i r  dea th  and d e c o m p o s i t io n . H a l l e g r a e f f  
(1978 )  r e p o r t e d  t h a t  p r o t e i n s  a r e  t h e  major  o r g a n ic  
compounds in  t h e  ses ton  samples r a n g in g  from 1 3 .0 6  t o  37 .  137.
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Figure 49. Seasonal variations of total soluble reactive 
orthophosphate concentrations in seston from. 
March, 1985 to February, 1986. Orthophosphate 
concentration is expressed in mg P04 - P/g of 
seston.
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o-f d r  y  we i  g h t  a n d  a p o s  i  t  i  v e  c a r  i'" e 1 a t  i  on  w a s o b  s ©r  v ©d 
b e t w e e  n p h y  t  op  1 a n k t  on  b ;i. o m a s s a n d  t h  e  p r  o t  ©i  n c:: on  t  en  t  o-f 
s e i s t o n  ,,
Two o t h e r  minor  peaks o-f t o t a l  n i t r o g e n  i n  s es to n  
d u r i n g  l a t e  s p r i n g  and e a r l y  autumn c o i n c i d e s  w i t h  h i g h e s t  
l e v e l  o-f d ia to m s  i n  t h e  c o m p o s i t io n  o-f s e s to n  ( F ig -  45)  .
Low c o n c e n t r a t i o n s  o-f n i t r o g e n  d u r in g  e a r l y  s p r i n g  and 
w i n t e r  in  both t h e  t r a p s  co u ld  be r e l a t e d  w i t h  i n c r e a s e d  
c o n c e n t r a t i o n s  o-f n o n -a l  ga l  m a t e r i a l s  i n  t h e  s e s t o n ,  
o r i g i n a t e d  -from both  au toch thonous  (d e a th  and decom poset ion  
o-f a q u a t i c  m acrophytes)  and a l  1 ochthonous s o u rc es  c o n t a i n i n g  
l e s s  p r o t e i n .  A s i m i l a r  o b s e r v a t io n  was a l s o  made by 
Hal 1 egrae-f-f , ( 1 9 7 8 ) .
6 . 3 . 6 , .  T o t a l  s o l u b l e  r e a c t i v e  o r th o p h o s p h a te  s
T o t a l  s o l u b l e  r e a c t i v e  o r th o p h o s p h a te  c o n c e n t r a t i o n s  
showed d i s t i n c t  seasona l  v a r i a t i o n s  in  both  t h e  upper and 
lo w e r  t r a p s  ( F i g .  49) ,,
In  t h e  upper  t r a p ,  o r th o p h o s p h a te  c o n c e n t r a t i o n s  v a r i e d  
between 1 . 2  and 9 . 7  mg/g o-f s e s to n .  The lo w e s t  
C o n c e n t r a t io n  o-f o r th o p h o s p h a te  was observed  d u r i n g  March  
and A p r i l ,  1985.  I t  i n c r e a s e d  g r a d u a l l y  -from l a t e  A p r i l  and
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August .  I t  d e c l i n e d  s h a r p l y  t o  3 . 2  mg/g i n  September and 
a g a in  i n c r e a s e d  t o  3 . 8  mg/g o-f ses to n  i n Q cto ber  . The 
c o n c e n t r a t i o n s  d e c l i n e d  g r a d u a l l y  t o  2 mg/g in  December and 
s i m i l a r  l e v e l s  remained t h r o u g h o u t  t h e  w i n t e r .
In  t h e  bottom t r a p ,  o r th o p h o s p h a te  c o n c e n t r a t i o n s  
ranged -from 0 . 8  t o  8 . 4  mg/g o-f s e s to n .  The lo w e s t  
c o n c e n t r a t i o n  was observed  in  March,  1985.  I t  i n c r e a s e d  
g r a d u a l l y  -from A p r i l  and reached t o  2 . 5  mg/g i n  May. The 
c o n c e n t r a t i o n s  in c r e a s e d  s h a r p ly  -from l a t e  May and reac hed  
t o  i t s  - f i r s t  peak o-f about  8 mg/g in  August ,  i t  d e c l i n e d  t o  
5 . 8  mg/g i n  September and a g a in  in c r e a s e d  t o  t h e  h i g h e s t  
l e v e l  o-f about  8 . 4  mg/g o-f ses ton  in  O c to b e r .  A f t e r  t h i s  
peak ,  t h e  conc e n t r a t i o n s d ec1 ined  s h a r p l y  t o  1 . 6  mg/ g in  
November and s i m i l a r  l e v e l s  of  o r th o p h o s p h a te  rem ained  
t h r o u g h o u t  t h e  r e s t  of  t h e  p e r i o d  o f  s t u d y .  L i k e  t o t a l
n i t r o g e n ,  t h e  h i g h e s t  c o n c e n t r a t i o n  o f  o r t h o p h o s p h a t e  in
t h e  upper t r a p  d u r in g  J u l y  and August was c o n t r i b u t e d  by 
l i v i n g  a l g a e  due t o  t h e  growth  of  F ro toderm a v i r i d e  in  t h e  
ses to n  tu b e  a t  a t im e  when p h y to p la n k to n  biomass th r o u g h o u t  
t h e  w a te r  column was a t  t h e  h i g h e s t  l e v e l .  Two o t h e r  sm al l
r i s e s  o f  o r th o p h o s p h a te  c o n c e n t r a t i o n s  d u r in g  May and
October  co u ld  be due t o  h igh  c o n c e n t r a t i o n s  o f  a l g a l
lit a t. e r  :i a 1 ;i. n t  h e ses t  a n „ Sh a  I k o v i t  z fa Cop 1 a n d (1 982 )
r e p o r t e d  t h a t  s e s t o n  s am p le s  c o l l e c t e d  'from t h e  s u r f a c e  
w a t e r  s I" 1 ad h i gh c o n c0n t r  a t  i  ons o f  phosphoi'"us i n s p r  :i. ng arid 
h i g h e s t  c o n c e n t r a t i o n s  d u r in g  t h e  summer months w i t h  
i n c r e a s i n g  p h y to p la n k to n  biomass.
H igh c o n c e n t r a t i o n s  o-f o r th o p h o s p h a te  in  t h e  bot tom  
t r a p  -from June t o  September and t h e  h i g h e s t  l e v e l  i n  
O cto b er  c o u ld  be r e l a t e d  w i t h  phosphorus a d s o r p t i o n  by  
s e d im e n t in g  ses ton  (G ach te r  fa H a re s ,  1 9 8 5 ) .  S e t t l i n g  s e s t o n  
i s  composed o-f a v a r i e t y  o-f au toch tho nous  and a l  1 ochthonous  
o r g a n ic  and i n o r g a n i c  m a t e r i a l  c o l o n i z e d  w i t h  b a c t e r i a  and  
■fungi. T h e re - fo re ,  i t  i s  e x t r e m e l y  d i f f i c u l t  t o  s e p a r a t e  
v a r i o u s  p o s s i b l e  mechanisms of  o r th o p h o s p h a te  a d s o r p t i o n « 
However ,  based on t h e  o b s e r v a t io n s  r e p o r t e d  i n  t h e  
l i t e r a t u r e ,  i t  i s  suggested t h a t  a c t i v e  u p t a k e  o f  
o r t h o p h o p h a te  by s i n k i n g  a l g a e  or  by h e t e r o t r o p h i c  
m ic ro o rg an ism s  c o l o n i z i n g  t h e  s e t t l i n g  m a t e r i a l  may be  
i m p o r t a n t .  U p take  of  o r th o p h o s p h a te  by a q u a t i c  b a c t e r i a  has  
been r e p o r t e d  by s e v e r a l  w orkers  ( e . g .  B a rs d a t e  e t  a l » , 
1 9 7 4 , PI  anas ,  1978)i F l e i s h e r ,  1 9 8 3 ) .  L e v in e  fa S c h i n d l e r  
(1980 )  conc luded t h a t  t h e  f l u x e s  of  P043 ~ t o  se s to n  i n  t h e  
e p i l i m n i o n  and h y p o l im n io n  a r e  com parab le  and t h e  
h y p o l i m n e t i c  decomposers r a p i d l y  and a c t i v e l y  t a k e  up 
PO 43-.
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Figure 50. Seasonal variations of Carbon / Nitrogen ratio 
of seston from March, 1985 to February, 1986.
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V e r y  1 o w e o n c e n 1 1'" a t  :i. a n s o f a r  t  h a p h a s p h a t e  i  n b o t  h u p p e r' 
and  l o w e r 1 t r a p  i n  e a r l y  s p r i n g  and t h e  w h o l e  w i n t e r  ? c o u l d  
b e r  e 1 a t  e d w i  t  h 1 o w c o n c e n t  r  a t  i o n s a i  a l g a  1 m a t e  r  i  a .1 :i. n t, h e
s e s to n .  D u r in g  t h i s  t im e  t h e  growth o-f p h y t o p la n k t o n  was 
v e r y  low and t h e  sou rces  o-f d e t r i t u s  was m a i n ly  a q u a t i c  
macrophyt.es and a l  loch th o n o u s  o r g a n ic  m a t t e r .
6 . 3 . 7 .  C a r b o n / N i t r o g e n  r a t i o  8
C a r b o n /M i t r o g e n  (C/N) r a t i o  i n  ses to n  v a r i e d  g r e a t l y  
both  s e a s o n a l l y  and v e r t i c a l l y  ( F i g .  5 0 ) .
In  t h e  upper  t r a p  C/N r a t i o  ranged -from 3 . 2 9  t o  2 8 . 9 .  
The C/N r a t i o  i n c r e a s e d  -from 1 3 .8  i n  March t o  1 8 .0 1  in  
A p r i l ,  d e c l i n e d  s l i g h t l y  in  May and a g a in  i n c r e a s e d  r a p i d l y  
t o  i t s  h i g h e s t  l e v e l  ( 2 8 . 9 )  in  June.  I t  d e c l i n e d  r a p i d l y  in  
J u l y  ( 4 . 0 1 )  and reached  t o  t h e  lo w e s t  l e v e l  ( 3 . 2 9 )  in  
August .  The C/N r a t i o  in c r e a s e d  s h a r p l y  in  September ( 2 2 . 9 )  
and a g a in  d e c l i n e d  r a p i d l y  in  October  ( 6 . 7 ) ,  i t  i n c r e a s e d  
th ro u g h  November and reached t o  1 7 .8  in  December. I t  
d e c l i n e d  t o  12 .1  in  J a n u a ry ,  1986 and a g a in  i n c r e a s e d  
s l i g h t l y  in  F e b r u a r y .
In  t h e  lower  t r a p ,  C/N r a t i o  v a r i e d  -from 2 . 3  t o  1 8 . 0 9 .  
The C/N r a t i o  in c r e a s e d  -from 1 6 .8  in  March t o  t h e  h i g h e s t  
l e v e l  ( 1 8 . 0 1 )  in  A p r i l ,  d e c l i n e d  s h a r p l y  i n  May and a g a in
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A n c r e a s e d  t o  :l. 2 * 6 i n  June, , I t  d e c l i n e d  s h a r p l y  i n  J u l y  and 
r e a c h e d  t o  t h e  1 o w e s t  l e v e l  <2. 3)  i n  A u g u s t  „ The  C / M r a t :i. o 
:i. n c i'" ea se d  sh a r  p 1 y :i. n Sep t  emb e r  ( :L 3 ,, 2) and  t  h en d ec 1 1. n ed 
s l i g h t l y  in  O c to b e r .  I t  in c r e a s e d  s l i g h t l y  in  November and  
December ( 1 1 . 0 9 )  and a g a in  d e c l i n e d  s l i g h t l y  i n  J a n u a r y , ,  
1986 and F e b ru a r y  ( 7 . 5 3 ) .
C a r b o n / N i t r o g e n  r a t i o  o-f most p h y t o p la n k t o n  in  t h e  
l a b o r a t o r y  c u l t u r e  g e n e r a l l y  ranges  -from 5 t o  10. The C/N  
r a t i o  o-f p a r t i c u l a t e  o r g a n ic  m a t t e r  i n c r e a s e s  somewhat t o  
v a l u e s  o-f 10 t o  13 i n d i c a t i n g  a ten d en cy  -for t h e  n i t r o g e n  t o
be lo s s e d  a t  a - fas te r  r a t e  than  o r g a n ic  carbon (Holm  
Hensen, 1 9 7 2 ) .  Holm Hensen re v ie w e d  t h e  l i t e r a t u r e  on C/N 
r a t i o  and p o i n t e d  out  t h a t  t h e r e  a r e  many r e p o r t s  of  C/N  
r a t i o s  r a n g i n g  from 2 or  3 up t o  30 and h i g h e r  in  n a t u r a l  
c o n d i t i o n  depending on t h e  n a t u r e  o f  t h e  m a t e r i a l  and t h e  
e n v i r o n m e n ta l  c o n d i t i o n .  In  t h e  l a b o r a t o r y  c u l t u r e  o f  m a r in e  
p h y t o p l a n k t o n , he observed  C/N r a t i o  r a n g in g  f rom 4 t o  50  
depend ing  on t h e  a v a i l a b i l i t y  o f  f i n e d  n i t r o g e n  i n  t h e  
c e l  1 s.
In  t h e  p r e s e n t  s t u d y ,  C/N r a t i o  in  t h e  lower  t r a p  seems 
t o  be w e l l  w i t h i n  t h e  normal ra n g e  r e p o r t e d  in  t h e  
l i t e r a t u r e  exc e p t  two s l i g h t l y  h ig h e r  v a l u e s  d u r i n g  March  
and A p r i l  th an  t h e  r e s t  o f  t h e  p e r i o d .
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Figure 51. Seasonal variations of Nitrogen / Phosphorus ratio 
of seston from March, 1985 to February, 1986.
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6 H 3.. 8 1. N :i. t  r  o g e n /  P h o s p h o r  u s r  a t  i a a
N i t r o g e n /P h o s p h o r u s  (N /P)  r a t i o  showed t h r e e  d i s t i n c t  
seasona l  peaks in  both t h e  upper  and low er  t r a p  ( F i g .  £51 > .
In  t h e  upper t r a p ,  N/P r a t i o  v a r i e d  between 4 . 2  and
1 3 . 3 .  The h i g h e s t  N/P r a t i o  was observed  i n  March,  1985 ,  i t  
d e c l i n e d  s l i g h t l y  i n  A p r i l  and a r a p i d  d e c re a s e  in  May le a d  
t o  t h e  lo w e s t  l e v e l  in  June.  The N/P r a t i o  i n c r e a s e d  
r a p i d l y  t o  a p p r o x im a t e l y  1 0 .5  i n  J u l y  and August and th e n  
d e c l i n e d  s h a r p l y  t o  4 . 7  in  September.  I t  i n c r e a s e d  r a p i d l y  
t o  1 1 . 8  in  October  and then  d e c l i n e d  g r a d u a l l y  t o  5 . 5  i n  
December and a g a in  i n c r e a s e d  s l o w ly  t o  8 . 5  in  F e b r u a r y ,  
1986.
In  t h e  bot tom t r a p ,  N/P r a t i o  ranged -from 3 . 3  t o  1 3 . 5 .  
In  M arch ,  1985 ,  N/P r a t i o  was v e r y  h ig h  ( 1 2 . 5 ) ,  i t  d e c l i n e d  
s h a r p l y  t o  7 . 5  i n  A p r i l  and a ga in  in c r e a s e d  r a p i d l y  t o  t h e  
h i g h e s t  l e v e l  in  May. I t  decreased  s h a r p l y  t o  5 . 2  i n  June  
and a g a in  i n c r e a s e d  r a p i d l y  t o  1 2 .7  in  J u l y .  The N /P  r a t i o  
d ec re ased  s l i g h t l y  in  August and a sharp  d e c l i n e  in  
September l e a d  t o  t h e  low est  l e v e l  ( 3 . 3 )  in  O c to b e r .  I t  
i n c r e a s e d  v e r y  r a p i d l y  t o  1 2 .7  in  November and s i m i l a r  
l e v e l s  rem ained  th ro u g h o u t  t h e  r e s t  o-f t h e  p e r i o d  o-f s t u d y .
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High N/P r a t i o  cl u r  i ng  t h e  s p r i n g  w a s  d u e  t o  t h e  l o w  
p h o s p h o r u s  c o n t e n t  o f  s e s t o n  ( F i g , ,  4 9 ) ,  o r i g i n a t e d  m a i n l y  
f rom t h e  cleath  and dec:omposit ion o f  1 i 1 1 o r a  1 m acrophyte  
d u r i n g  t h e  p r e v i o u s  w i n t e r .  The summer peak d u r i n g  J u l y  and 
August co u ld  be r e l a t e d  w i t h  v e r y  h ig h  c o n c e n r a t i o n s  o f  
n i t r o g e n  in  t h e  ses ton  o r i g i n a t i n g  both  from l i v i n g  a l g a e  in  
t h e  upper t r a p  ( F i g .  45) and h igh  n i t r o g e n  c o n t  e n t  d e t  r  i t u  s  
f rom t h e  d ea th  and d ec o m p o e i t io n  o f  p h y t o p la n k t o n  i n  t h e  
low e r  t r a p .  High N/P r a t i o  im m e d ia t e ly  a f t e r  t h e  autumn  
o v e r t u r n  in  O ctober  in  t h e  upper  t r a p  and in  November in  t h e  
bottom t r a p  was due t o  low phosphorus c o n te n t  o f  s e s t o n
o r i g i n a t i n g  m a in ly  f rom t h e  r e s u s p e n s io n  o f  t h e  sed im ent  and 
long  te rm  decomposed d e t r i t u s .  In  t h e  bot tom t r a p ,  h i g h  
N/P r a t i o  d u r in g  th e  w i n t e r  months was due t o  low phosphorus  
c o n c e n t r a t i o n  in  comparison w i t h  n i t r o g e n  c o n t e n t  o f
s e s t o n ,  o r i g i n a t e d  m a in ly  from l i t t o r a l  m acrophytes  and 
a l l o c h t h o n o u s  o r g a n ic  m a t t e r .  H a l l e g r a e f f  (1978)  compared
N/P r a t i o  of  t h r e e  Dutch l a k e s  which v a r i e d  between 1„97 and 
1 1 . 2  depending  on t h e  t r o p h i c  s t a t u s  of  Lakes .  In  t h e  l e a s t  
p r o d u c t i v e  Lake ,  c o n s ta n t  low N/P r a t i o  was t h e  r e s u l t  of  
t h e  low p a r t i c i p a t i o n  of  a lg a e  in  t h e  t o t a l  suspended  
p a r t i c u l a t e  m a t t e r .  The seasonal  v a r i a t i o n s  o f  N /P  r a t i o s
in  each Lake was d i r e c t l y  r e l a t e d  w i t h  t h e  amount o f
p h y t o p la n k t o n  p r e s e n t  in  t h e  ses ton  sample .  D u r in g  t h e
p r e s e n t  s t u d y ,  s i m i l a r  seasonal  p a t t e r n s  of  N/P r a t i o  was
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Figure 52. Seasonal variations of -energy content :per gram tlry 
-weight of seston fro® fertile 19-85 to February,, 1966. 
The en erg y content is expressed in MJ % TQdD/g of 
seston.
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a l s o  o b s e r v e d  i n  Dubh L o c h  an,, I t  c a n ,  t h e r e f o r e ,  be  
s u g g e s t e d  t h a t  N /P  r a t i o s  o f  s e s t o n  may toe a p o t e n t i a l  
" m a e r  o «;> c a p i  c. '' c I'"i a r  a c t  e r  i  s t  i  c s o f  t  h e 1 1'" o p h i  c d y n a in :i, c s t  a t. u s 
of  1 a kes  < Mar g a 1e f , 1968 >.
6 - 3 . 9 .  Seston e n e r g e t i c s  s
6 . 3 . 9 . 1 .  Energy c o n te n t  p e r  gram d r y  w e ig h t  o f  s e s to n  i
The energ y  c o n te n t  per  gram d ry  w e ig h t  o f  s e s to n  s h ow ed  
c o n s i d e r a b l e  v a r i a t i o n s  both  s e a s o n a l l y  and v e r t i c a l l y  ( F i g .  
5 2 ) .
In  t h e  upper  t r a p  dm  d e p t h ) ,  en e rg y  c o n t e n t  o f  s e s t o n  
ranged f rom 7 , 1  x 100(7 t o  1 4 .9  x 1000 K J /g .  S e s t o n  
e n e r g e t i c s  i n c r e a s e d  s h a r p l y  f rom <8 .4  x 1000 K J /g )  M a rc h  
and reac hed  t o  t h e  h i g h e s t  l e v e l  <14 .9  x 1000 K J /g )  in  June  
and s i m i l a r  l e v e l s  remained in  J u l y .  I t  d e c l i n e d  s h a r p l y  i n  
August and reached  t o  1 0 .5  x 1000 KJ/g  in  September .  From  
O ctober  e n e rg y  c o n te n t  d e c l i n e d  g r a d u a l l y  t o  9 . 0  x 1000 KJ /g  
i n  December, I t  d e c l i n e d  s h a r p l y  t o  7 . 3  x 1000 KJ /g  in  
J a n u a r y ,  1986 and s i m i l a r  l e v e l s  rem ained  i n  F e b r u a r y ,
In  t h e  lower  t r a p  <9m d e p t h ) , en e rg y  c o n t e n t  r a n g e d  
f rom 7 . 4  x 1000 t o  1 3 .9  x 1000 K J /g .  Energy c o n t e n t  of  
se s to n  was t h e  lo w e s t  <7.4  x 1000 K J /g )  in  March ,  i t
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Figure 53. Seasonal variations of energy content per gram ash free 
dry weight of seston from March, 1985 to February, 1986. 
The energy content is expressed in KJ x 1000/g of seston.
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:L n i " e a b e d  s 1 i  g h 1 1 y x n A p r  :i. II, and t h e n  dec  1 i  ned  s 1 x g h t 1 y i  n 
M a y .. I t  i  n c r e a s e d  s h a r p l y  f r o m  (8.. 4 x 1000  K J /g )  hi a y  and  
r  0 a c h e d t  o t  h e h :i. g h e s t  I 0 v 0 1 ( :l. 3 - 9 x 1000 l< J /  g ) i n A u g > x s t
and s i m i l a r  l e v e l s  rem ained  i n  September-  Seston e n e r g e t i c s  
d e c l i n e d  v e r y  r a p i d l y  in  O ctober  and reac h ed  t o  <8-4  x 1000 
K J /g )  i n  November and s i m i l a r  l e v e l s  rem ained  t h r o u g h o u t  t h e  
r e s t  o f  t h e  p e r i o d  o f  s tu d y  .
6 . 3 . 9 . 2 .  Energy c o n te n t  per  gram ash f r e e  d r y  w e ig h t  of  
s es to n  s
The ene rg y  c o n te n t  c a l c u l a t e d  on t h e  b a s i s  o f  ash f r e e  
d r y  w e ig h t  o f  ses ton  showed s i m i l a r  p a t t e r n s  o f  s ea so n a l  
v a r i a t i o n s  ( F i g .  53) as was observed  on d r y  w e ig h t  b a s i s  
( F i g .  5 2 ) .
In  t h e  upper t r a p  dm  d e p t h ) ,  energ y  c o n t e n t  per  gram 
ash f r e e  d r y  w e ig h t  v a r i e d  between 1 3 . 7  x 1000 and 2 2 . 8  x 
1000 K J /g .  The energy  c o n te n t  was a t  t h e  lo w e s t  l e v e l  in  
March ( 1 3 . 7  x 1000 K J / g ) ,  i n c r e a s e d  g r a d u a l l y  th ro u g h  A p r i l  
and reac h ed  t o  2 0 . 4  x 1000 KJ/g  in  May w i t h  i n c r e a s e d  
p r o d u c t i o n  of  p h y t o p l a n k t o n . I t  d e c l i n e d  s l i g h t l y  in  June  
( 1 8 . 8  x 1000 K J /g )  and then  in c r e a s e d  th ro u g h  J u l y  and 
reached  t o  2 2 . 3  x 1000 KJ/g  in  August .  The e n e rg y  c o n t e n t  
d e c l i n e d  s h a r p l y  in  September ( 1 7 . 8  x 1000 K J /g )  and then  a 
g ra d u a l  I n c r e a s e  th rough  October  le a d  t o  t h e  h i g h e s t  l e v e l
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:i. n N o ve m be r  ( 2 2 „ 8  x 1000 K J / g ) .  I t  d e c l i n e d  g r a d u a l l y  f r o m  
D ecem be r  and r  e a c h c d  t  o :l. 4 , 5 x :i. 0 0 0  K J / g :i. n F e b r  u a r y  , 1986
In  t h e  lower  t r a p  (9m d e p t h ) , t h e  ene rg y  c o n t e n t  ranged  
•from 1 5 . 2  x 1000 t o  3 9 - 5  m 1000 K J /g .  The e n e rg y  c o n t e n t  was 
a l s o  a t  t h e  lo w e s t  l e v e l  in  March <15 .5  x 1000 K J / g ) ,  
i n c r e a s e d  g r a d u a l l y  th ro u g h  A p r i l  and reac h ed  t o  2 1 . 4  x 1000  
KJ/g  in  May. I t  d e c l i n e d  s l i g h t l y  in  June <16.1 x 1000 K J /g )  
and a sharp  i n c r e a s e  th rough  J u l y  l e a d  t o  t h e  h i g h e s t  l e v e l  
i n  August  ( 3 9 . 5  x 1000 K J /g )  when t h e  h y p o l im n io n  was 
c o m p l e t e l y  deoxygenated ( F ig .  5 ) .  The en e rg y  c o n t e n t  
d e c l i n e d  th ro u g h  September ( 3 1 . 5  x 1000 K J /g )  and O cto ber  
<2C$,2 x 1000 K J /g )  and a g a in  i n c r e a s e d  s l i g h t l y  in  November 
( 2 1 . 2  x 1000 K J /g )  and December ( 2 2 . 3  x 1000 K J /g )  and then  
d e c l i n e d  g r a d u a l l y  t o  1 6 .6  x 1000 KJ/g  in  F e b r u a r y ,  1986.
The h i g h e s t  energ y  c o n te n t  o-f ses to n  in  t h e  upper  t r a p  
d u r in g  June and J u l y  was due t o  a l g a l  growth i n  t h e  s es to n  
tu b e s  ( F i g .  4 5 ) .  High l e v e l s  o-f energ y  -from May t o  August  
co u ld  be r e l a t e d  w i t h  h igh  c o n t r i b u t i o n  o-f a l g a l  m a t e r i a l  i n  
c o m p o s i t io n  o-f ses ton  ( F i g .  4 5 ) .  S e v e r a l  w o rkers  r e p o r t e d  
t h a t  en e rg y  c o n te n t  o-f p h y to p la n k to n  i s c o n s id e r a b l y  h i g h e r  
than  o r g a n ic  d e t r i t u s  (Gorham and S a nger ,  1967$ Leach ,  
19755 Hal 1 egrae-f - f , 1978; Jonassori ,  1 9 7 9 ) .  A l though  t h e
c o n t r i b u t i o n  o-f d ia tom  was h igh  -from August t o  O c to b e r ,  
energ y  c o n t e n t  o-f ses ton  d e c l i n e d  because t h e  e n e rg y  c o n t e n t
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Figure 54. Seasonal variations of total energy content of seston
from March, 1985 to February, 1986. The energy content
5 2is expressed in KJ x 10 /m lake surf ace/month.
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o f  d i a t o m  i s  c o n s i d e r a b l y  l e s s  t h a n  o t h e r  a l g a e  d u e  t o  h i g h  
a s h c o n t  e n t  o f  d i. a t  o m f r  u s t  u 1 e s ( H a 11 e g r  e f  f , 1978;;
J o n a s s o n , 1 9 7 9 ) „
High energ y  c o n te n t  o f  ses ton  i n  t h e  low e r  t r a p  •from 
J u l y  t o  September c o u ld  be r e l a t e d  w i t h  h ig h  r a t e  o f  
b a c t e r i a l  d ec o m p o s i t io n  in  a n a e r o b ic  c o n d i t i o n  (F ig *  5) a t  a 
t im e  when o r g a n ic  d e t r i t u s  o r i g i n a t e d  m a i n ly  -from dead 
p h y t o p l a n k t o n .  L a s t e i n  (1976 )  r e p o r t e d  t h a t  e n e rg y  c o n t e n t  
of  s e s to n  d e c re a s e  in  o x i d i s e d  c o n d i t i o n  and i n c r e a s e  in  
reduced  c o n d i t i o n  (Moss, 1982) because o f  i n c r e a s e d  
p r o d u c t i o n  o f  b a c t e r i a  and f u n g i .
Low ene rg y  c o n te n t  of  ses ton  in  March,  1985 and in  
J a n u a r y ,  1986 and F e b ru a r y  in  both t h e  upper  and lo w e r  t r a p s  
co u ld  be due t o  low energy  c o n te n t  o r g a n ic  d e t r i t u s  
o r i g i n a t i n g  m a in ly  f rom a q u a t i c  m acrophytes  and t o  c e r t a i n  
e x t e n t  f rom i n o r g a n i c  p a r t i c l e s  ( F i g .  45)  o f  h ig h  ash 
c o n t e n t  (Hal 1e g r a e f f , 1 9 7 8 ) .
6 . 3 . 9 . 3 .  T o t a l  ene rg y  c o n te n t  of  ses ton
(KJ x iCF /m *  l a k e  s u r f a c e /m o n t h )  !
The seasona l  v a r i a t i o n s  o f  t o t a l  energ y  c o n t e n t  o f  
ses to n  ( F i g .  54) observed c l o s e  r e l a t i o n s h i p  w i t h  se s to n
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bi  Dfliass ( F i g .  44) and show ed  con s i  d e r a h 1e d i f f e r e n c e s
b e t w e e n  t  he u p p e r  anci 1 o w e r  t r  ap s »
In  t h e  upper t r a p  dm  d e p t h ) ,  t o t a l  energ y  c o n t e n t  of  
s e s to n  ranged from 1 .4 7  x 10*  t o  10 .71  x 10*  KJ/m32/month  . 
I t  i n c r e a s e d  g r a d u a l l y  f rom ( 2 . 3 6  x lO^KJ /m ^ /m onth ) March  
and reac hed  t o  t h e  h i g h e s t  l e v e l  ( 1 0 .7 1  x lO^KJ /m ^ /m onth> i n  
August .  T o t a l  energy  c o n te n t  o f  ses to n  d e c l i n e d  v e r y  r a p i d l y  
( 2 . 8 3  x lO^KJ/nPVmonth) in  September and a g a in  i n c r e a s e d  
s l i g h t l y  in  O c t o b e r . I t  d e c l i n e d  g r a d u a l l y  f rom ( 3 . 3  x 
10s KJ/ms /month> November and reached t o  t h e  lo w e s t  l e v e l  
( 1 . 4 7  x lO^KJ/m32/m o n th > in  J a n u a r y ,  1986 and a g a in  i n c r e a s e d  
s l i g h t l y  ( 1 . 7 8  x lO^KJ/m32/month )  in  F e b r u a r y .
In  t h e  low er  t r a p  (9m d e p t h ) , t o t a l  ene rg y  c o n t e n t  of
ses to n  ranged from 2 . 4 6  x 10^ t o  9 . 3 7  x 10s K J /n rV m o n th »
I t  i n c r e a s e d  from 4 . 4 8  x 10s5 KJ/m^/month i n  March t o  6 . 0  x 
IO^KJ/nr- /month in  A p r i l  and then  d e c l i n e d  s h a r p l y  t o  v e r y
low l e v e l  ( 2 . 6 2  x 10*KJ /m 32/m o n th ) in  June.  T o t a l  en e rg y  
c o n t e n t  i n c r e a s e d  s l i g h t l y  in  J u l y  and then  a v e r y  r a p i d  
i n c r e a s e  l e a d  t o  t h e  h ig h e s t  l e v e l  ( 9 . 3 7  x lO^KJ/m"-/month)  
in  August .  I t  d e c l i n e d  v e r y  s h a r p l y  ( 2 . 8 7  x 1 0 *K J /n r - /m o n th ) 
in  September and then  a s l i g h t  d e c re a s e  r e s u l t e d  in  i t s  
lo w e s t  l e v e l  <2 .46 x lO-'KJ/m32/month)  i n  O c to b e r .  T o t a l  
ene rg y  c o n t e n t  in c r e a s e d  s h a r p l y  ( 5 . 2 8  x 1 0 *K J /n r - /m o n th ) in  
November and a g a in  d e c l i n e d  s l i g h t l y  ( 4 . 3 7  x lO^KJ/ nr-/ month)
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:i. i") Dec e mbcr a ncl s i  m:i. 1 a r  1 e v e l s re m a i ned d a r  :i. ng J a n u a r  y , :l. 9 B6 
and  F e b r i i a r y .
W ith  i n  c r  e a s in g  ph y t o p 1 an k t  on <F i g . 23)  and p r  ima r y  
p r o d u c t i o n  ( F i g .  3 5 ) ,  t o t a l  energy  c o n t e n t  o-f se s to n  in  t h e  
upper t r a p  i n c r e a s e d  g r a d u a l l y  -from March t o  May. Rapid  
i n c r e a s e  in  t h e  t o t a l  q u a n t i t y  o-f en e rg y  in  t h e  s e s to n  
d u r i n g  June and J u l y  and t h e  h i g h e s t  l e v e l  i n  August  was 
c o n t r i b u t e d  by a l g a l  growth  i n s i d e  t h e  ses to n  t u b e s  (Fig.,  
45)  t o g e t h e r  w i t h  t h e  h i g h e s t  p r o d u c t i o n  o-f p h y to p l  ankon  
th r o u g h o u t  t h e  w a te r  column in  June and July. ,  A l th o u g h  
p h y t o p la n k t o n  p r o d u c t i o n  was t h e  h i g h e s t  and t h e  e n e rg y  
c o n t e n t  pe r  gram o-f ses to n  was h igh  in  June and J u l y ,  t o t a l  
e n e rg y  c o n t e n t  in  t h e  1 ower t r a p  dec 1 ineel w i t h  dec 1 i ni  ng 
se s to n  biomass ( F i g .  44) which i s  r e l a t e d  w i t h  
s e d i m e n t a t i o n  process  o-f dead and decomposed p h y t o p la n k t o n  
( M o e l l e r  & L i k e n s ,  1978 and L a s t e i n ,  1 9 8 3 ) .  Leach ,  (1975 )  
r e p o r t e d  t h a t  on a seasonal  b a s i s ,  t h e  amount o-f d e t r i t a l  
e n e rg y  was s m a l l e s t  in  summer in  Lake E r i e  a l th o u g h  t h e  
h i g h e s t  l e v e l  was i n  l a t e  summer t o  e a r l y  autumn. However,  
as t h e  sed im ented  ses ton  s e t t l e d  a t  t h e  b o t to m ,  t o t a l  e n e rg y  
c o n t e n t  reached  t o  t h e  h i g h e s t  l e v e l  in  August w i t h  t h e  
h i g h e s t  l e v e l  o-f ses ton  biomass. Rapid  d e c l i n e  o f  t o t a l  
energ y  c o n t e n t  o-f ses ton  in  September i s  r e l a t e d  w i t h  t h e
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A f  t  e r  t  h e a u t  u m n over  t  u r  n a n d c o m p 1 e t  e mix i n g o f  t  h e 
w a te r  column ( F i g .  3) , t o t a l  e n e rg y  c o n t e n t  o-f ses to n  
i n c r e a s e d  s l i g h t l y  in  t h e  upper t r a p  in  O ctober  and November  
and t h e  r a p i d  i n c r e a s e  in  t h e  lower  t r a p  i n  November co u ld  
be r e l a t e d  w i t h  t h e  s e t t l e m e n t  of  resuspended o r g a n ic  m a t t e r  
•from t h e  f l o c c u l e n t  l a y e r  o f  t h e  sed im ent  (Jonasson e t  a l . , 
1 9 7 4 i L a s t e i n ,  1 9 7 6 ) .  Low l e v e l s  of  t o t a l  amount o f  e n e rg y  
in  t h e  upper  t r a p  d u r in g  t h e  w i n t e r  months co u ld  be r e l a t e d  
w i t h  v e r y  low p h y to p la n k to n  p r o d u c t i o n  and h igh  i n p u t  of  
m in e r a l  m a t t e r  ( F i g .  46) as w e l l  as low energ y  c o n t e n t  
a l 1 ochthonous o r g a n ic  m a t t e r  coming w i t h  r a i n w a t e r  th r o u g h  
t h e  i n l e t s .  A l though t h e  energy  c o n t e n t  per  gram o f  ses to n  
was low d u r in g  t h e  w i n t e r  months, c o m p a r a t i v e l y  h i g h e r  
l e v e l s  o f  t o t a l  energ y  in  t h e  lower  t r a p  th an  t h e  upper  t r a p  
co u ld  be due t o  h igh  q u a n t i t i e s  o f  o r g a n ic  d e t r i t u s  
o r i g i n a t i n g  m a in ly  f rom t h e  dea th  and d e c o m p o s i t io n  of  
submerged and emergent  a q u a t i c  m acrophytes .
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7 . 1 .  I n t r o d u c t i o n  s
Sediment  p l a y s  an im p o r t a n t  r o l e  i n  - r e g u l a t i n g  
• f re sh w ate r  ecosystems (Odum, 1971)j G o l te rm an  & Kouwe, 19S0jj 
and Moss, 1 9 8 2 ) .  In  a n o x ic  c o n d i t i o n s  which may occur  i n  t h e  
h y p o l im n io n  d u r in g  t h e  summer months i n  t e m p e r a t e  r e g i o n s ,  
t h e  sed im ent  r e l e a s e s  n u t r i e n t s ,  gases and o t h e r  
d e c o m p o s i t io n  p r o d u c ts  i n t o  t h e  w a te r  which a r e  mixed  
th r o u g h o u t  t h e  w a te r  c o lu m n  d u r  i n g t  h e  a u t  u m n o v e r  t  u r  n 
(H u t c h in s o n ,  1 9 5 7 ) .  The mechanism of  chem ica l  exchange  
between sed im ent  and w a te r  in  l a c u s t r i n e  ecosystem h a s  been 
w e l l  documented and t h e  f o l l o w i n g s  a r e  c l a s s i c  exam ples  
J e n k in  e t  a l . , < 1 9 4 1 ) $  M o r t im e r ,  <1941 "-1942)5 Hayes e t  a l  ,
<1958 )5  Kamp-Nie l  s e n , (1974)  and Gorham e t  a l . ,  ( 1 9 7 4 ) .  The
c h e m i s t r y  of  sed im ent  has been w e l l  s t u d i e d  and used in  
c h a r a c t e r i s i n g  d i f f e r e n t  ty p e s  (H u tch inson  & W o l la c k ,  i 9 4 0 g 
K l e e r e k o p e r ,  1955$ M a c k e re th ,  1955$ F r i n k ,  1969$ S e r r u y a ,  
1971 $ Gorham e t  a l . ,  1974$ Wildung e t  a l . ,  1974$ and Guppy & 
Happey-wood, 1 9 7 8 ) .  O rg an ic  m a t te r  and p a r t i c l e  s i z e  has  
long  been used in  c h a r a c t e r i z i n g  t h e  sed im ent  (Hayes & 
MacAuley ,  1959 $ Kemp, 1971$ H a r g ra v e ,  1972$ and Banin  e t  
a l . ,  1 9 7 4 ) .  Lake sed im ent  c o n t r o l s  t h e  c y c l e s  and b a la n c e
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o f  n u t r i t i o n a l  e l e m e n t s  i n  t h e  l a k e  w a t e r  ( B a n i n  e t  a l . , 
:l. 9 7 A ) w h i  c h c o u 1 d p l a y  a c r  i  t  i  c a 1 r  o I e i  n d e t  e r  m i  n i  n g 1h e 
t r  oph  i  c s t  a t u s  o f  1 a k e s  ((3o 11 e r  man , :l. 9 6 6 )  . Be 1 ow t  he
e u p h o t  i z one on 1 y h e t e r o t r o p h s  ca n  t h r  i v e ,  and  t h e y  a r e  
t  a t  a 1.1 y depen da n t  o n d e t r  i t u s .  IM a u m a n n <19 2 1 ) s t  a t  e d t  h a t  
d e t r i t u s  and b a c t e r i a  in  t h e  l a k e  sed im ent  must be t h e  m o s t  
i m p o r t a n t  sou rces  o-f -food -for a w ide  v a r i e t y  o-f d e t r i t i v o r e  
o rg an ism s .  S in c e  t h e n ,  many w orkers  have emphasized t h e  
im p o r ta n c e  o-f sed i  men t i n g  o r g a n ic  m a t t e r  as a d em inen t
so u rc e  o f  food in  a q u a t i c  ecosystems (S aun ders ,  1969 ,  1 9 8 0 ’,! 
Cummins e t  a l . ,  1973? Moss, 1982$ and LeCren &
Lowe-McConnel1 ,  1 9 8 0 ) .
Sed im ents  y i e l d  v a l u a b l e  i n f o r m a t i o n  about  p r o d u c t i o n  
and m i n e r a l i z a t i o n  th r o u g h o u t  t h e  w a te r  column i n  l a k e s  
( H a r g r a v e ,  1 9 7 3 ) .  Resuspension of  o r g a n ic  p a r t i c l e s  f rom t h e  
sed im ent  a s s o c i a t e d  w i t h  t u r b u l a n c e  p r o b a b ly  o cc u rs  more or  
l e s s  c o n t i n u a l l y  in  l a k e s  (W e s t la k e  e t  a l . ,  1972)  e x c e p t  t h e  
summer s t a g n a t i o n  p e r i o d  in  deep w a t e r .  There  may be
p e r  i o d i c  r  esusp ©n s i o n , 1 a t  or  a 1 t  r  an sp or t , sor  t  i ng an d
d e p o s i t i o n  i n t o  th e  p e l a g i c  r e g io n  of  l a k e s  (W etze l  e t  a l  „ , 
1 9 7 2 ) .  T h e re  a r e  a l s o  re s u s p e n s io n  p e r i o d s  i n  l a k e s  w i t h  
mass o v e r t u r n  d u r in g  s p r in g  and autumn in  t h e  l a k e s  of
t e m p e r a t e  and h igh  a l t i t u d e s  (Saun ders ,  1980)„  Such 
r e s u s p e n s io n s  a r e  v e r y  i m p o r ta n t  in  t h e  f u n c t i o n s  o f  
l a c u s t r i n e  ecosystems.  The growth o f  b e n t h i c  f i l t e r  f e e d i n g
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<::! e 1 1'" i  t  :i. v o r  e s :i. s c: o i’" i'" e 1 a1et::l wi  t  h s 0c:i i  m e n t a t  i  on o f  0 r  g an :i. c 
d e t r : i .  t u s  d u r i n g  t h e  s p r i n g  and  a u tu m n  ( J o n a s s o n ,  1 9 7 2 jj 
P e n n i n g t o n  , 1974:; and K i r c h n e r  , 1975). .  Me;Lac:hi an ( 1 9 6 9 )
c □ n c 1 u de d  t  hi a t  t  h e n a t  ca r e  a n d d ;i. <;» t  r  :i. b u. t  i  0 n o f  t  h e b 0 n t. h :i. c 
•fauna a r e  s t r o n g l y  i n f l u e n c e d  by t h e  char  a c t  e r e s t  i cs of  t h e  
sed i  m ent .
M e ta b o l is m  o-f d e t r i t a l  and p a r t i c u l a t e  o r g a n ic  c a r b o n ,  
which o cc u rs  l a r g e l y  in  t h e  s e d im e n t ,  p r o v i d e s  s t a b i l i t y  in  
t h e  ecosystems ( W e t z e l , 1975> .
O rg an ic  m a t te r  in  t h e  sed im ent  - fu n c t io n s  as an en e rg y  
r e s e r v o i r ,  which may be more r a p i d l y  or  more s l o w l y  
u t i l i z e d ,  depending on t h e  f u n c t i o n a l  r e q u i r e m e n t s  of  t h e  
sys tem.  I t  a l s o  c o n t a i n s  t h e  e le m e n ts  t h a t  e n t e r  in  t o  t h e  
c o n s t r u c t i o n  of l i v i n g  p r o t o p la s m ,  when i t  i s  decomposed clue 
t o  b a c t e r i a l  a c t i v i t i e s ,  th e s e  e le m e n ts  a r e  r e l e a s e d  and 
become a v a i l a b l e  f o r  s t o r i n g  energy  i n  t h e  form of  new 
p r o t o p la s m .
7 . 2 .  M a t e r i a l s  and Methods s
7 . 2 . 1 .  G enera l  s
U n d is tu r b e d  sed im ent  c o res  were ta k e n  f rom s t a t i o n  1 
(d e e p e s t  p a r t  o f  t h e  l a k e  where t h e  sed im ent  s u r f a c e  i s
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Figure 55. Sediment cores from sta tion  1 and s ta tio n  2
showing d iffe re n t layers where the subsamples 
were taken fo r routine analysis.
S ta tion  1 S tation  2
Water (> Water o
Flocculent layer1> Flocculent la y e r1’
F irs t  middle 
_layer_ __ __ J>
"Second middle x 
layer
i 1Middle layer
--------------------------- J
Deep layer TDeep layer
c o m j;:< I 0 fc 0 1 y d 0 o x y g e n a 1 0 d d u r  i  n g t  h e j. a te  <•:;> u m m e r ) a n d s t  a t  ;i. a n 
2 ( 5 in d e e p ,  w h e r e  t h e  s e d i m e n t  s u r f a c e  i s  a l w a y s  w e l l
e x y g e n a t  &d b ut. s t  i 11 b e 1 0w 11") e 0up h o t  i  c 2 on ®) f  r  am J u 1 y , 
1 9 8 5  t o  J u n e ,  1 9 8 6  u s i n g  a J e n k i n  mud s a m p le r , ,  The  s e d i m e n t  
co l  1 e c t i o n  t u b e s f:i 1 1 e d w:Lth th e  s amp le r "  w e r e  dr i 11 ed w i t h  
4mrn h o l e s ,  a t  1 cm i n t e r v a l s  a long  t h e  v e r t i c a l  a x i s  and  
were s e a le d  w i t h  PVC t a p e .  The samples were c o l l e c t e d  e v e r y  
• f o r t n i g h t  f rom J u l y  t o  November, 1985 and once i n  a month 
from December t o  June,  1986.  They were c a r r i e d  t o  t h e  
l a b o r a t o r y  in  a wooden case i m m e d ia t e ly  a f t e r  c o l l e c t i o n  and 
e x t re m e  c a r e  was a lways  ta k e n  t o  p r e v e n t  any m ix in g  of  t h e  
sed im ent  d u r in g  t r a n s p o r t a t i o n . The s u p e r n a t a n t  w a te r  was 
s iphoned  v e r y  c a r e f u l l y  w i t h  a t h i n  p l a s t i c  t u b e .  S u b s a m p l e s  
o f  sed im ent  were ta k e n  th rough  t h e  h o l e s  of  t h e  s e d i m e n t  
t u b e s  w i t h  t h e  h e lp  of  a C y r in g e  <D--D p l a s t i p a k ,  20ml 
c a p a c i t y )  f rom d i f f e r e n t  l a y e r s  w i t h  minimum d i s t u r b a n c e  
( F i g .  5 5 ) .  Four subsamples were ta k e n  from t h e  sed im ent  
c o l l e c t e d  from s t a t i o n  1 as f l o c c u l e n t  l a y e r  ( to p  1cm) , 
• f i r s t  m id d le  l a y e r  ( 2 cm from th e  to p )  , second m id d le  l a y e r  
(4cm from t h e  to p )  and deep l a y e r  (Bern from t h e  t o p ) .  The 
f l o c c u l e n t  l a y e r  i s  m a in ly  brown d e t r i t u s  mud of  about  :Lc:m 
t h i c k n e s s .  The f i r s t  m id d le  l a y e r  i s  b la c k  oozy mud of  about  
2 -  3cm t h i c k n e s s .  The second m id d le  and deep l a y e r  i s  a l s o  
b l a c k  oozy mud but  no d i s t i n c t  l a y e r s  were o b s e rv e d .  The 
f l o c c u l e n t  l a y e r  r e c e i v e s  t h e  sed im ented s e s to n .  T h i s  ses to n  
i s  p r o b a b ly  m e t a b o l i z e d  in  t h e  m id d le  l a y e r  where ch em ica l
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c h a n g e  b e t .w e e n  mud a n d  w a t e r  t a k e s  p l a c e  a n d  a.l. s q  m o s t  o f  
t h e  b e n t h i  e o r g a n ! s m s  l i v e .  T h e  d e e p  l a y e r  may n o t  b e  
i n v o l v e d  i n  s u c h  p r o c e s s e s , ,  T h r e e  s u b s a m p 1 e s  w e r e  t a k e n  f r o m  
t  h e s  e d i  m e n t  e o 11 e e t  e d f  r  o m s t  a t  i  o  n 2 a l t  h o  u  g h n a d i  s  t  i  n c t  
l a y e r s  were o b s erved .  However ,  t h e y  a r e  a l s o  r e f e r r e d  as  
• f l o c c u l e n t  l a y e r  ( top  1cm), m id d le  l a y e r  (4cm from t h e  t o p )  
and deep l a y e r  (8 cm from t o p ) .  Each subsample  was f i l t e r e d  
th r o u g h  GF/A f i l t e r  paper  t o  remove t h e  r e m a in in g  w a te r  and 
d r i e d  i n  an oven a t  i lO ^C  f o r  4 hours  t o  g e t  a c o n s t a n t  d r y  
w e ig h t  o f  t h e  sed im en t .
7 . 2 . 2 .  O rg an ic  & m in e r a l  c o n t e n t ,  c a r b o n ,  t o t a l  n i t r o g e n  
and s o l u b l e  r e a c t i v e  o r th o p h o s p h a te  s
O rg an ic  & m in e r a l  c o n t e n t ,  c a rb o n ,  t o t a l  n i t r o g e n  and 
s o l u b l e  r e a c t i v e  o r th o p h o s p h a te  were d e te rm in e d  a c c o r d in g  t o  
t h e  methods d e s c r ib e d  e a r l i e r  i n  C h ap te r  6  f o r  s e s to n  
a n a l y s i  s.
7 . 2 . 3 .  Sediment  e n e r g e t i c s  s
The energy  c o n te n t  o f  t h e  oven d r i e d  < i iO °C  f o r  4 
hou rs )  sed im ent  samples were d e te rm in e d  u s in g  a microbomb  
C a l o r i m e t e r  (Model AH 12 EF 2 ) .  P e l l e t s  made e n t i r e l y  of  
sed im ent  f a i l e d  t o  i g n i t e  because o f  t h e  h ig h  m in e r a l  
c o n t e n t  ( F i g .  5 8 ) ,  r a n g in g  from 65 t o  807.. To i n c r e a s e  t h e
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Figure 56. The relationship between pellet size and the 
combustability of the sediment.
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c o m b u s t i b i l i t y  o f  t h e  s e d i m e n t ,  i t  was n e c e s s a r y  t o  m ix  t h e  
s a m j::) 1 e s w :i. t  h d r  i  e d A n a 1 a r  g r  ade  B e n z o i  c a c i d  a s  sugge s t  e d b y 
Gorham & B a n g e r  (1 9 6 7 ) , ,  B e n z o i c  a c i d  i s  h i g h l y  c o m b u s t i b l e  
and h a s  a known c a l o r i f i c  v a l u e  < 2 6 . 3 6  K J /m g ) . .  A f t e r  m i x i n g  
t h e  sed i  men t  samp 1 es w i t h  Ben zoi c ae i d , t h e y  wer e a 1 wa y s 
kep t  in  a des i  c c a t  o r  b ec ause Ben z o i c  a c i  d ab earb  s mo i  s t  u r e  
which may i n c r e a s e  t h e  w e ig h t  o f  t h e  sam ple .  In  an 
e x p e r im e n t  t o  d e t e r m in e  t h e  c o r r e c t  p r o p o r t i o n s  t o  u s e ,  i t  
was found t h a t  w i t h  2 p a r t s  Benzo ic  a c i d  and 1 p a r t  
s e d im e n t ,  t h e  combustion was n e g a t i v e l y  c o r r e l a t e d  w i t h  
p e l l e t  s i z e  (F ig *  56) » The c o m b u s ta b i1 i t y  in c r e a s e d  w i t h  3 
p a r t s  B enzo ic  a c id  and 1 p a r t  sed im ent  bu t  n e g a t i v e  
c o r r e l a t i o n  s t i l l  e x i s t e d .  At a p r o p o r t i o n  of  4 p a r t s  
B enzo ic  a c i d  and 1 p a r t  s e d im e n t ,  t h e  ene rg y  c o n t e n t  was 
in d e p e n d a n t  of  p e l l e t  s i z e  and t h e  sample t o  s a m p l e  
v a r i a t i o n  was minimum (S. D. ±. 0 . 0 8 9  KJ /m g) .  The ene rg y
c o n t e n t  of  t h e  sed im ent  samples were t h e r e f o r e ,  d e t e r m in e d  
a f t e r  m ix in g  w i t h  4 p a r t s  Benzo ic  a c i d .  A l l  t h e  samples were  
a n a ly z e d  in  d u p l i c a t e  and t h e  mean s ta n d a r d  d e v i a t i o n  i s  
+ 0 . 0 9 3  KJ/mg. The energy  c o n te n t  o f  t h e  p e l l e t s  was
c a l c u l a t e d  w i t h  an a p p r o p r i a t e  c a l i b r a t i o n  c u rv e  made w i t h  
B enzo ic  a c i d .  The energ y  c o n te n t  o f  t h e  sed im ent  was th en  
c a l c u l a t e d  by s u b t r a c t i n g  t h e  v a l u e  f o r  Benzo ic  a c i d  mixed  
w i t h  t h e  samples and were f i n a l l y  exp ressed  as K i l o  J o u le s  
per  gram o f  s e d im e n t .  The top Icm of  t h e  sed im ent  f rom both  
s t a t i o n  1 and s t a t i o n  2 were used on a m onth ly  b a s i s  f o r  t h e
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Figure 57. Seasonal variations of organic matter in the
sediment from July, 1985 to June, 1986. Organic 
matter is expressed as percentage.
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p a r t  o-f t h e  s e d i m e n t  i n  d y n a m i c  c o n t a c t  w i t h  t h e  w a t e r  o-f 
t h e  la k e , ,
7»3„ R e s u l t s  and D is c u s s io n  s
7 . 3 . 1 .  O rg an ic  and m in e r a l  c o n t e n t  ( P e r c e n ta g e  l o s s  on 
i gni  t i  on > s
O rg a n ic  m a t te r  in  t h e  sed im ent  e v a l u a t e d  by t h e  l o s s  on 
i g n i t i o n  method showed l i t t l e  v a r i a t i o n  both  s e a s o n a l l y  and 
v e r t i c a l l y  ( F i g .  5 7 ) .
In  deep w a te r  a t  s t a t i o n  1,  o r g a n ic  m a t t e r  ranged  -from 
20 t o  357..
In  t h e  - f l o c c u le n t  l a y e r ,  c o n c e n t r a t i o n s  were g e n e r a l l y  
s l i g h t l y  h i g h e r  than  t h e  m id d le  and deep l a y e r .  From J u l y  t o  
mid December, o r g a n ic  m a t te r  remained around 307, e x c e p t  in
l a t e  September  t o  e a r l y  October  and in  l a t e  November when
i t  reac hed  t o  357.. The c o n c e n t r a t i o n s  rem ained  around 257. 
•from l a t e  December t o  June,  1986 e x c e p t  in  mid March when i t  
i n c r e a s e d  t o  307.,
In  t h e  - f i r s t  m id d le  l a y e r  <2cm -from t o p ) ,  o r g a n ic
m a t t e r  rem ained  between 25 and 307. -from J u l y  t o  mid December
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e x c e p t  i n  l a t e  Novem ber  when i t  i n c r e a s e d  t o  35%., F ro m  l a t e  
De c em ber  1:o M a y , 1986 , t  he  c o n c e n t r  a t  :i. o n s  r e m a i n e d  a r  o un d  
25% and t h e n  d e c l i n e d  t o  20% i n  June..
In  the? second m id d le  l a y e r  (4cm -from t o p )  and deep 
l a y e r  ( 8 cm from t o p ) ,  o r g a n ic  m a t t e r  rem ained  around 25% 
•from J u l y  t o  mid J a n u a r y ,  1986,  i t  d e c l i n e d  g r a d u a l l y  t o  20% 
i n  A p r i l  and s i m i l a r  l e v e l s  remained up t o  June,
At s t a t i o n  2 ,  o r g a n ic  m a t t e r  ranged -from 20  t o  35%,.
*
In  t h e  f l o c c u l e n t  l a y e r ,  o r g a n ic  m a t t e r  showed s i m i l a r  
sea sona l  p a t t e r n s  as was observed a t  s t a t i o n  1, The h i g h e s t  
c o n c e n t r a t i o n  (35%) was observed in  September and i n  l a t e  
November t o  e a r l y  December and t h e  lo w e s t  l e v e l  (20%) was 
observed  from mid A p r i l  t o  mid May,
In  t h e  m id d le  l a y e r  (4cm from t o p ) ,  o r g a n ic  m a t t e r  
ranged f rom 20 t o  30 %„ The c o n c e n t r a t i o n s  rem ained  around  
20% d u r i n g  most of  t h e  p e r i o d  exc ep t  September when i t  
in c r e a s e d  t o  25% and in  l a t e  November t o  e a r l y  December when 
i t  reac hed  t o  30%.
In  t h e  deep l a y e r  (Bern from t o p ) ,  o r g a n ic  m a t t e r  
rem ained  around 2 0 % d u r in g  t h e  whole p e r i o d  o f  study,,
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O r g a n i c  mat t e r  i n  t h e  ' f l o c c u l e n t  l a y e r  d i d  n o t  v a r y  
s ;i. g n A f  :i. c ai"i 11 y b e t  ween t  h e t  wd s t  a t  :i. on s (1!) 1 ay & W :i. 1 h m ( 1 97 9 )  
a 1 so  i'” ep o i'-1 e d s i  m i  1 a r  o b s e r  v a t  i  o n s o f  o r  g a n i  c ma 1: t  e r  b e t  ween 
s h a l l o w  and  deep  s t a t i o n s  i n  H a m 's  l a k e  i n  U, S. A,, Kemp 
<1971) r  e p o i'“ t  e d t  hi a t  t  h e q u a 1 i t  y o f  o r  g a n i c m a 11  e r  i n t  In e 
t  op c e n t  i metr  e of  t h e  sed i men t  was d 1 r  ec 1 1 y p r  op or  t  i on a 1 t o  
c l a y  s i z e  f r a c t i o n  o f  sed im ent  and in d e p e n d a n t  o f  d e p t h ,  
r a t e  of  s e d im e n t a t io n  and deg re e  o f  e u t r o p h i c a t i o n .  In  t h e  
p r e s e n t  s t u d y ,  t h e  h i g h e s t  l e v e l  o f  o r g a n ic  m a t t e r  i n  t h e  
f l o c c u l e n t  l a y e r  in  both t h e  s t a t i o n s  i s  r e l a t e d  w i t h  t h e  
c o n t in u o u s  s u p p ly  o f  s e d im e n ta r y  s e s to n .  High l e v e l  d u r i n g  
t h e  summer months a t  s t a t i o n  1 c ou ld  be r e l a t e d  w i t h  
b a c t e r i a l  dec o m p o s i t io n  p a r t i c u l a r l y  under a n a e r o b i c  
c o n d i t i o n  <Fig» 5) a t  a t im e  of  h igh  se s to n  p r o d u c t i o n  ( F i g .  
4 4 ) .  The h i g h e s t  l e v e l  in  November was p r o b a b ly  due t o  t h e  
r e s e t t l e m e n t  of  t h e  o r g a n ic  m a t te r  a f t e r  t h e  re s u s p e n s io n  
d u r i n g  autumn o v e r t u r n .
In  s h a l l o w  w a te r  decomposing macrophytes  and l e a f  l i t t e r  
g e n e r a l l y  c o n t r i b u t e  s i g n i f i c a n t  q u a n t i t i e s  o f  o r g a n ic  
m a t t e r  in  t h e  sed im ent  (C la y  & Wilhm, 1 9 7 9 ) ,  In  t h e  p r e s e n t  
s t u d y ,  s es to n  biomass ( re co rd ed  a t  s t a t i o n  1 o n l y )  d u r i n g  
l a t e  summer and autumn were a l s o  h igh  ( F i g .  4 4 ) ,  which c o u ld  
w e l l  be accounted f o r  h igh  o r g a n ic  c o n te n t  in  t h e  f l o c c u l e n t  
l a y e r  o f  t h e  s e d im e n t .  High l e v e l s  of  o r g a n ic  m a t t e r  in  t h e  
m id d le  l a y e r  where t h e  sed im ented ses to n  a r e  f u r t h e r
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Figure 58. Seasonal variations of mineral content in the sediment 
from July, 1985 to June, 1986. Mineral content is 
expressed as percentage.
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decomposed and  p r o c e s s e d  by  b a c t e r i a  and z o o b e n t h o s  seems t o  
I j  e r e a s  o na bj. e a n d s :i. m i  1 a i - p a 11 e r  n s o f  s e a s on&X vat'" :i. a t  i  o n s a s 
w a & o b s e i'" v  e d i  n t h e  f  1 o c c u 1 e n t  1 a y e r  :i. s  e x p e c t  a b J, e „ hi :i, g h o s t  
l e v e l  o f  o r g a n i c  m a t t e r  d u r i n g  t h e  summer m o n t h s  a nd  h i g h  
l e v e l s  d u r in g  t h e  s p r in g  and a u tu m n  i n  d i f f e r e n t  l a k e s  h a v e  
been r e p o r t e d  by s e v e r a l  w orkers  ( H a r g r a v e ,  1972p C l a y  &. 
Wilhm, 1979 and P o l u n i n , 1 9 8 2 ) .  The p e r c e n t a g e  o f  o r g a n i c  
m a t t e r  i n  t h e  deep l a y e r  was much low e r  th an  t h e  f l o c c u l e n t  
and m id d le  l a y e r s  and t h e  v a l u e s  were a lm o s t  c o n s t a n t  
th r o u g h o u t  t h e  ye a r  which i n d i c a t e  t h a t  t h i s  p a r t  o f  t h e  
s ed im en t  was n o t  i n t e r a c t i n g  w i t h  t h e  m etab o l is m  o f  t h e  
1 ake .
The m in e r a l  c o n t e n t  o f  t h e  sed im ent  were a l w a y s  v e r y  
h ig h  r a n g i n g  from 63 t o  80%. I t  d id  no t  v a r y  s l g m i f i c a n t l y  
between t h e  two s t a t i o n s  and t h e  seasona l  and v e r t i c a l  
v a r i a t i o n  was s l i g h t  <F ig .  3 8 ) .
In  deep w a te r  a t  s t a t i o n  1,  t h e  m in e r a l  c o n t e n t  i n  t h e  
f l o c c u l e n t  l a y e r  ranged from 65  t o  75% and was a lw a y s  l o w e r  
th a n  t h e  m id d le  and deep l a y e r .  From O ctober  t o  e a r l y  
December, t h e  m in e r a l  c o n te n t  was around 70% e x c e p t  i n  l a t e  
September t o  e a r l y  October  and i n  l a t e  November when i t  
d e c l i n e d  t o  65%. From l a t e  December t o  t h e  r e s t  o f  t h e  
p e r i o d ,  i t  rem ained  around 75% e x c e p t  i n  l a t e  March when i t  
d e c l i n e d  t o  70%.
Page 16>1
I n t h © f  i i'"s t  mi d cl 1 e l a y e r  (2cm f  r  om t o p ) , :i. t  r e m a :i. n e d 
a r o u n d  75% d u r i n g  m o s t  o f  t h e  t i m e  e x c e p t  i n  l a t e  N o v e m b e r  
w h e n i  t  d e c 1 i  n e d t  o 6 5  % a n d i  n m i  d J u n e w h e n i  t  i  n c r  e  a s  e  d t  o 
80% .
In  t h e  second m id d le  l a y e r  <4cm -from t o p )  and deep 
l a y e r  <8cm -from t o p ) ,  t h e  m in e r a l  c o n t e n t  rem ained  around  
75% f rom  J u l y  t o  mid J a n u a r y , 1986 ,  i t  i n c r e a s e d  g r a d u a l l y  
t o  80% i n  l a t e  A p r i l  and s i m i l a r  l e v e l s  rem ained  d u r i n g  t h e  
r e s t  o f  t h e  p e r i o d .
At s t a t i o n  2 ,  m in e r a l  c o n te n t  in  t h e  f l o c c u l e n t  l a y e r  
ranged from 65 t o  80%. I t  v a r i e d  between 70 and 75% d u r i n g  
most o f  t h e  t im e  e x c e p t  mid September ,  l a t e  November and mid 
March when i t  d e c l i n e d  t o  65% and in  mid A p r i l  t o  e a r l y  
March when i t  in c r e a s e d  t o  80%.
In  t h e  m id d le  l a y e r  <4cm from t o p ) , t h e  m in e r a l  c o n t e n t  
rem ained  around 80% d u r in g  most o f  t h e  t im e  e x c e p t  i n  
September when i t  d e c l i n e d  t o  75% and in  l a t e  November t o  
e a r l y  December when i t  reached t o  70%. In  t h e  deep l a y e r  
(8cm f rom  t o p ) , m in e r a l  c o n te n t  a lw ays  rem ained  around 80%.
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Figure 59. Seasonal variations of carbon content in the sediment 
from July, 1985 to June, 1986. Carbon content is 
expressed in mgC/g of seston.
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7 . 3 „ 2 „ C a i'" b a n c a n t  e n t  ( I  a s s o n :L g r"i i t. :i, o n ) n
The c a r b o n  c o n t e n t  o f  t h e  s e d i m e n t  s h ow ed  g r e a t  
s  e a & o n a 1 arid v e r  t  :L c a 1 d i  s  1 r  i  b u t  i  o n p a 11 e r" n s w :i. t  h h i  g h e s t
1 eve I i n t h e  f  1 occul  e n t  1 aye r  h Con s i  derab  I e c:i i f  f  e r e n c e s  were
a l s o  observed  between t h e  two s t a t i o n s  <Fig .  5 9 ) .
In  deep w a te r  a t  s t a t i o n  1,  carbon c o n t e n t  i n  t h e  
f 1o c c u l e n t  l a y e r  rem ained  h igh  <175mg/g) f rom J u l y  t o  mid 
Septem ber .  I t  i n c r e a s e d  r a p i d l y  t o  t h e  h i g h e s t  l e v e l  
<225mg/g> in  l a t e  September t o  e a r l y  O c to b e r .  Carbon c o n t e n t  
d e c l i n e d  g r a d u a l l y  t o  150mg/g in  l a t e  November and s i m i l a r  
l e v e l s  rem ained  up t o  l a t e  F e b r u a r y ,  19S6. I t  i n c r e a s e d  t o  
175mg/g in  mid March and then  d e c l i n e d  t o  125mg/g in  mid
A p r i l  and a g a in  i n c r e a s e d  t o  150mg/g in  e a r l y  May and
s i m i l a r  l e v e l s  rem ained  t i l l  June.
In  t h e  f i r s t  m id d le  l a y e r ,  carbon c o n t e n t  rem ained  
between 140 and 150mg/g d u r in g  most o f  t h e  t im e  e x c e p t  i n  
l a t e  November t o  e a r l y  December, e a r l y  F e b r u a r y ,  1986 and 
mid A p r i l  when i t  d e c l i n e d  t o  125mg/g.
In  t h e  second m id d le  and deep l a y e r  carbon c o n t e n t  
rem ained  a lm ost  c o n s ta n t  t o  125mg/g e x c e p t  i n  mid J u l y  and 
f rom l a t e  November t o  l a t e  December when i t  i n c r e a s e d  t o  
150mg/g.
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A t  s t a t i o n  2 ,  c a r b o n  c o n t e n t  o f  t h e  s e d i m e n t  w e r e  
a l w a y s  l o w e r  t h a n  s t a t i o n  1 and  r a n g e d  f r o m  100 t o  .1.5 0 m g / g „
In  t h e  f l o c c u l e n t  l a y e r  carbon c o n t e n t  r e m a i n e d  
ap p r  ox i mat e 1 y 3.40mg /  g f rom J u l y  t o  e a r l y  Sept  e m b e r . 11
d e c l i n e d  t o  125mg/g d u r in g  mid t o  l a t e  September  and a g a i n  
i n c r e a s e d  t o  140mg/g i n  e a r l y  O ctober  and s i m i l a r  l e v e l s  
r em ained  up t o  J a n u a r y ,  1986.  I t  d e c l i n e d  g r a d u a l l y  t o  
125mg/g i n  e a r l y  A p r i l  and s i m i l a r  l e v e l s  rem ained  t i l l  l a t e  
May and a g a in  in c r e a s e d  t o  t h e  h i g h e s t  l e v e l  <150m g/g) in  
June.
In  t h e  m id d le  l a y e r ,  carbon c o n te n t  was a lm os t  c o n s t a n t
%
t o  125mg/g e x c e p t  in  mid A p r i l  t o  mid March when i t  d e c l i n e d  
t o  lOOmg/g.
In  t h e  deep l a y e r ,  carbon c o n te n t  was a p p r o x i m a t e l y  
lOOmg/g from J u l y  t o  August ,  i t  i n c r e a s e d  t o  :L25mg/g i n  
September  and s i m i l a r  l e v e l s  remained t i l l  November. I t  
d e c l i n e d  t o  lOOmg/g i n  December and s i m i l a r  l e v e l s  r e m a i n e d  
up t o  May and a g a in  in c r e a s e d  t o  125mg/g i n  June.
High v a l u e s  of  carbon in  t h e  f l o c c u l e n t  l a y e r  o f  t h e  
sed im ent  a t  s t a t i o n  1 d u r in g  t h e  summer and mid s p r i n g  i s  
r e l a t e d  w i t h  t h e  s u p p ly  o f  o r g a n ic  ses ton  ( F i g .  44)
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o r i g i n a t e d  m a i n l y  f r o m  a l g a l  m a t e r i a l .  The  h i g h e s t  l e v e l  
d u r  :i. ng 1 a t  e 8 ep 1 ember  1:o e a r  1 y 0 c t  o b ©r  c o u  1 d be  r  © 1 a t e d  w i  t  hi 
an a e r  ob :i, o <::! e <::: omp o s  :i. t  :i. on o f  o r  g an i  c ma 11 e r  1"hi © s e d i  men t  
s u r f a c e  a t  s t a t i o n  2 was a l w a y s  w e l l  o x y g e n a t e d  (F ig . ,  6 )  and  
t h e  h i g h e s t  l e v e l  i n  J u n e  c o u l d  a l s o  be  r e l a t e d  w i t h  t h e  
s u p p l y  o f  o r g a n i c  s e s t o n  b u t  h i g h  l e v e l s  f r o m  O c t o b e r  t o  
M a r c h  c o u l d  be  r e l a t e d  w i t h  non  • '•-algal o r g a n i c  s e s t o n  
p a r t i  c u l a r 1 y f r o m  t h e  d e c o m p o s i t i  on o f  a q u a t i c  m a c r o p h y t e s  
which may w e l l  account  f o r  lower  carbon v a l u e s  th a n  t h e  
sed im ent  a t  s t a t i o n  1 ,, Gorham & Sanger  ( 1 9 6 7 )  r e p o r t e d  t h a t  
carbon  c o n t e n t  o f  o r g a n ic  m a t te r  i n  t h e  sed im ent  r e c e i v i n g  
a l g a l  m a t e r i a l  i s  much h ig h e r  than  th o s e  r e c e i v i n g  o r g a n i c  
m a t t e r  f rom a q u a t i c  m acrophytes .  Carbon c o n t e n t  o f  t h e  
sed im ent  i s  w e l l  documented and s p r i n g ,  summer and a u tu m n  
maxima in  d i f f e r e n t  l a k e s  seem t o  be common ( e . g .  C la y  & 
Wilhm, 1 9 7 9 5 Guppy Happey-Wood, 197Bp L a s t e i n ,  1 9 7 6 5
Pol u n i n ,  1982 and S t a r r  e t  a l . ,  1 9 8 4 ) .  S la c k  ( 1 9 5 4 )  s t u d i e d  
t h e  bot tom d e p o s i t  o f  Loch Lomond and r e p o r t e d  t h a t  carbon  
c o n t e n t  o f  deep w a te r  sed iment  were a lw a ys  h i g h e r  th a n  t h e  
l i t t o r a l  and 1 i t t o r i - p r o f u n d a l  s e d im e n t .  The h i g h e s t  carbon  
c o n t e n t  in  t h e  f l o c c u l e n t  l a y e r  and t h e  d e c l i n e  w i t h  t h e  
d epth  o f  t h e  sed im ent  in  both  t h e  s t a t i o n s  cou ld  be r e l a t e d  
w i t h  l a r g e r  au toch thonous  component and i n c r e a s e d  
c on sum pt ion ,  e s p e c i a l l y  a t  deeper  l e v e l s ,  by b a c t e r i a  and 
b e n t h i c  a n im a ls  as w e l l  a© m o d i f i c a t i o n s  by m echan ica l  
d i s t u r b a n c e s  a t  t h e  s u r f a c e ,  known t o  t a k e  p l a c e  d u r i n g
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Figure 60. Seasonal variations of total nitrogen concentrations 
in the sediment from July, 1985 to June, 1986. 
Nitrogen concentration is expressed in mg NH4 - N/g.
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w :i. i"'i t  ei'" g a 1 e s (81 a c k , 1954)  .. 1" hi e h i  g h e s t  l e v e l  O'f o ai'" b o n i  n 
t h e  t o p  c e n t i m e t r e  and d e c r e a s e  w i t h  t h e  d e p t h  o f  t h e  
s e d i  m e n t  s e e m s  t  o b e c o m hi o  n i  n m o s t  l a k e s  ( e „ g „  L a s t  e i  n , 
19 7 6 ;i tvl a c k e r  e t  h , i  9 6 6 ;  P e n n i  n g t  o n , :l.9 7 3 ) .
7 . 3 . 3 .  T o t a l  n i t r o g e n  s
T o t a l  n i t r o g e n  c o n c e n t r a t i o n s  i n  t h e  sed im ent  showed 
marked seasona l  and v e r t i c a l  v a r i a t i o n s .  G re a t  d i f f e r e n c e s  
were a l s o  observed  between t h e  two s t a t i o n s  ( F i g .  6 0 ) .
In  deep w a te r  a t  s t a t i o n  1 , t o t a l  n i t r o g e n  
c o n c e n t r a t i o n s  of  t h e  sed im ent  ranged f rom 5 t o  5 3 .4 m g /g .  In  
t h e  f l o c c u l e n t  l a y e r  ( top  1cm),  t h e  c o n c e n t r a t i o n s  i n c r e a s e d  
g r a d u a l l y  f rom lOmg/g in  J u l y ,  1985 w i t h  d e c r e a s in g  oxygen  
s a t u r a t i o n  in  t h e  h y p o l im n io n  ( F i g .  5) and reached  t o  t h e  
h i g h e s t  l e v e l  of  a p p r o x im a t e l y  53 .4m g /g  i n  l a t e  August  when 
t h e  sed im ent  s u r f a c e  was c o m p l e t e l y  deoxygenated. ,  As th e rm a l  
s t r a t i f i c a t i o n  began t o  breakdown and oxygen s a t u r a t i o n  a t  
t h e  sed im ent  began t o  i n c r e a s e  from e a r l y  Septem ber ,  1985 ,  
t o t a l  n i t r o g e n  c o n c e n t r a t i o n s  d e c l i n e d  r a p i d l y  and a g a in  
reac h ed  t o  lOmg/g d u r in g  l a t e  September t o  e a r l y  O cto ber  
w i t h  autumn o v e r t u r n  and com ple te  o x y g e n a t io n  o f  t h e  bot tom  
s e d im e n t .  The c o n c e n t r a t i o n s  i n c r e a s e d  t o  20mg/g i n  mid 
O c to b e r ,  d e c l i n e d  s l i g h t l y  in  l a t e  O ctober  t o  e a r l y  November 
and a g a in  in c r e a s e d  t o  20mg/g in  mid November. I t  d e c l i n e d
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g r  a d u a 11 y t  o :l, 0 m g /  g i  n X a t  © N a v ® m b e r  a n d s i  m i  1 a r
c:: on c: en 1 r  a 1 :i. ori s r ®ma :i. n ®d up t  o m:i. d F®tor  u a r  y „ Th ®
c a n c 0 n t r  a t. i  a n s :i, n c i;- 0 a s ® d g i'" a d u a 1 1 y  i  r' o m I a t. e Fr e b r  u a r  y , 19 S 6
and reached  t o  20rng/g In  mid March and a g a in  d e c l i n e d  t o
15mg/g i n  e a r  1 y A p r  i 1 a n d s i m i 1 a r  I e v e 1 s r  e m a i n ® d d u r  :i n g t  h e 
r e s t  o f  th® p e r i o d  of  s tu d y .
In  t h e  f i r s t  m id d le  l a y e r  (2cm from t o p )  o f  t h e  
s e d im e n t ,  n i t r o g e n  c o n c e n t r a t i o n s  showed s i m i l a r  p a t t e r n s  o f  
sea so n a l  v a r i a t i o n s  as was observed  in  t h e  f l o c c u l e n t  l a y e r .  
I t  v a r i e d  between lOmg/g in  e a r l y  J u l y  and 40mg/g i n  l a t e  
August t o  e a r l y  September.  D u r in g  t h e  r e s t  of  t h e  p e r i o d ,  
t h e  c o n c e n t r a t i o n s  ranged from lO - lS m g /g *
In  t h e  second m id d le  l a y e r  <4 cm f rom t o p ) ,  t o t a l  
n i t r o g e n  c o n c e n t r a t i o n s  v a r i e d  between 10  and 15mg/g and t h e  
seasona l  p a t t e r n s  were r a t h e r  r e v e r s e d .  From mid J u l y  t o  
mid A u gus t ,  t h e  c o n c e n t r a t i o n s  were a p p r o x i m a t e l y  ISm g /g ,  i t  
d e c l i n e d  t o  lOmg/g in  l a t e  August and s i m i l a r  l e v e l s  
rem ained  u n t i l  mid F e b r u a r y ,  1986.  The c o n c e n t r a t i o n s  
g r a d u a l l y  in c r e a s e d  t o  15mg/g in  e a r l y  March and s i m i l a r  
l e v e l s  c o n t in u e d  up t o  e a r l y  June and a g a in  d e c l i n e d  t o  
lOmg/g i n  mid June.
I n  t h e  deep l a y e r  (8cm f ro m  t o p ) ,  t h e  c o n c e n t r a t i o n s  
r a n g e d  f r o m  SS-iSmg/g. The l o w e s t  c o n c e n t r a t i o n  was observed
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:i. n m id  J u n e  and m id  O c to b e r , ,  The seasona l  p a t t e r n s  were  
s i m i l a r "  t o  t h e  s e c o n d  m i d d l e  l a y e r  o f  t h e  sediment, ,
In  th e  s h a l lo w  w a te r  a t  s t a t i o n  2 , t o t a l  n i t r o g e n  
cone e n t  r  a t  i on s i n t  h e sed i  men t  r  an g ed f  r  om 4 . 1  -  2 1 . 2 mg/ g „ 
U n l i k e  s t a t i o n  1, n i t r o g e n  c o n c e n t r a t i o n s  d id  n o t  show a 
m ajor  summer peak because t h e  sed im ent  s u r f a c e  was a lw a y s  
w e l l  oxygenated  and t h e  oxygen l e v e l  n ev er  dropped be low 55"/„ 
s a t u r a t i o n  <Fig .  6 ) .
I n  t h e  f l o e c u l e n t  l a y e r ,  t h e  c o n c e n t r a t i o n s  ranged  f rom  
10-~21mg/g. I t  showed t h r e e  d i s t i n c t  and a lm os t  equa l  peaks  
<20mg/g> i n  mid Septem ber ,  l a t e  November t o  e a r l y  December  
and f rom  e a r l y  A p r i l  t o  e a r l y  June. k
In  t h e  m id d le  <4cm from t o p )  and deep l a y e r ,  t h e
c o n c e n t r a t i o n s  ranged from 5~15m g/g . Both s ea so n a l  and 
v e r i c a l  d i s t r i b u t i o n  p a t t e r n s  were s i m i l a r  t o  s t a t i o n  1 .
The h i g h e s t  c o n c e n t r a t i o n s  of  t o t a l  n i t r o g e n  i n  t h e
sed im ent  i n  deep w a te r  a t  s t a t i o n  1 , was due t o  t h e
r e d u c t i o n  o f  mud s u r f a c e  a t  a t im e  when t h e  ses ton  b iomass  
was a t  t h e  h i g h e s t  l e v e l  <Fig.  4 4 ) ,  o r i g i n a t i n g  m a in ly  f rom  
t h e  summer p h y to p la n k to n  bloom <Fig„ 2 3 ) .  Rem arkab le  
changes o c c u r re d  in  t h e  sed im ent  as soon as t h e  oxygen  
c o n c e n t r a t i o n  in  t h e  h y p o l im n io n  dropped below d e t e c t a b l e
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1 e v e  1 . R a p x d :i. n c r  e a s e a f  t  a t  a 1 n i  t  r  ogen c o n c e n t  r  a t i  o n © 
d u r i n g  l a t e  summer :i.n dee p  w a t e r  s e d i m e n t  a t  s t a t i o n  1 
s u g g e s t  t h a t  a t  l e a s t  some o f  t h e  n i t r o g e n  was m o b i l i s e d  
f r o m  t h e  deep  s e d i m e n t  i n  t h e  f o r m  o f  ammonia.,  M o r t i m e r  
<1941-“ 194 2 )  to e a u t  i f  u 11 y demon s t  r  a t  e d t  h e r e  I  e a s e o f  a m in a n i a 
and o t h e r  d i s s o l v e d  sub s ta n ces  from t h e  sed im ent  and  t h e  
ex change o f  i ons between mud and w a te r  dur i ng hypo1 i  mnet i c 
anox i  a „ Mor t  i mer <1971) r  ev i ewed t  h e p r  obab1e r  eg u 1 a t  o r  y 
mechanisms of  chem ica l  exchanges between s ed im en ts  and w a te r  
and suggested  t h a t  r e d u c t i o n  p e r m i t s  not  o n l y  m o b i l i z a t i o n  
of  io n s  bu t  i t  a l s o  removes a b a r r i e r  t o  f r e e  d i f f u s i o n  
a c r o s s  t h e  sed im ent  w a te r  i n t e r f a c e .  The above changes w e r e  
r a p i d l y  r e v e r s e d  when t h e  mud s u r f a c e  was oxygenated  d u r i n g  
t h e  autumn o v e r t u r n .
The r i s e  in  t  o t a  1 n i t r o g e n  c on c en t  r a t i  on s i n t  h e 
f l  o c c u l e n t  l a y e r  o f  t h e  sed im ent  d u r in g  O c to b er  and 
November, 1 9 8 5 ,  co u ld  be r e a l a t e d  w i t h  t h e  r e s e t t 1 ement o f  
t h e  o r g a n ic  m a t te r  a f t e r  t h e  autumn o v e r t u r n  which was a l s o  
r e f l e c t e d  in  t h e  t o t a l  biomass of  ses ton  <Fig« 4 4 ) .
The o t h e r  minor  peak d u r in g  t h e  s p r i n g  in  1986 i s  
r e l a t e d  w i t h  t h e  h igh  o r g a n ic  m a t te r  c o n te n t  o f  t h e  sed im ent  
d e r i v e d  m a in ly  f rom t h e  s e d im e n t a t io n  of  o r g a n ic  s es to n  
dom inated  by d ia tom s <Fig» 4 5 ) .  Gorham e t  a l . ,  <1974)
observed  s i m i l a r  phenomena and r e p o r t e d  p o s i t i v e
Pag© 169
Figure 61. Seasonal variations of total soluble reactive 
orthophosphate concentrations in the sediment 
from July, 1985 to June, 1986. Orthophosphate 
is expressed in mg P04 - P/g.
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0 u i'M i  a e 1 a y 0 r  o -{; t  h 0  s e d :i. m 0 n t  i r 1 s 0 m e E n g I i sh l a  k e s „
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1 n c r  0  a 0 i n g d e p t  h o -f t  hi 0  s e d :i m e n t  e s p 0  c i a 11 y -f r  0  m J u 1 y t  o 
September which was a s s o c i a t e d  w i t h  t h e  r e d u c in g  c o n d i t i o n  
i n  a n o x ic  s i t u a t i o n .  However ,  sm al l  v e r t i c a l  v a r i a t i o n s  
d u r i n g  autumn and s p r in g  c ou ld  be r e l a t e d  w i t h  t h e  n a t u r e  
and c o m p o s i t io n  o-f t h e  upper  l a y e r  o-f t h e  sediment, .  Guppy 
and Happey-Wood (1978 )  r e p o r t e d  t h a t  t o t a l  n i t r o g e n  
c o n c e n t r a t i o n s  i n  t h e  sed im ent  d e c re a s e  w i t h  t h e  i n c r e a s i n g  
depth  o-f t h e  s e d im e n t .
7 . 3 . 4 .  T o t a l  s o l u b l e  r e a c t i v e  o r th o p h o s p h a te  s
T o t a l  s o l u b l e  r e a c t i v e  o r th o p h o s p h a te  c o n c e n t r a t i o n s  in  
t h e  sed im ent  <Fig.  61 > showed s i m i l a r  p a t t e r n s  o-f sea sona l  
v a r i a t i o n  as was observed  i n  t o t a l  n i t r o g e n  c o n c e n t r a t i o n s  
<Fi g.  60)  .
At s t a t i o n  1,  o r th o p h o s p h a te  c o n c e n t r a t i o n  i n  t h e  
■fl occu l  e n t  l a y e r  was a p p r o x im a t e l y  2 . 72mg/g in  e a r l y  J u l y .  
As soon as t h e  oxygen s a t u r a t i o n  dropped below d e t e c t a b l e  
l e v e l  ( F i g .  15) , t h e  c o n c e n t r a t i o n s  i n c r e a s e d  s h a r p l y  -from 
mid J u l y  and reached  t o  t h e  h i g h e s t  l e v e l  <7.42mg/g> in  
e a r l y  t o  mid August .  D u r ing  t h i s  p e r i o d ,  o r th o p h o s p h a t e
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concen t r a t  i o n 0  i n t h e  I"1!yp0 1 i mn i  a n a 3, 0 o i n c r e a s e d  t o  t h e
h i g h e s t  l e v e l  ( F i g .  :l. 7) „ As t h e r m a l  s t  r  a t  i f  i c a t  i on b e g a n  t o
b r e a k d o w n  and t h e  s e d i m e n t  s u r f a c e  was s l i g h t l y  o x i d i z e d ,  
o r  t  h o p 11 o 0 p ! 1 a t e  c o n c e n t  r  a t  i  o n 0 d e c 1 i  n e d s  l"t a r  p 1 y t  o
a p p r o x i  m a t e 1y 3 mg/ g i n  mid 8 e p t e m b e r „ A f t e r  t h e  autumn  
o v e r t u r n  and r e s e t t l e m e n t  of  o r g a n ic  s e s t o n ,  t h e
c o n c e n t r a t i o n s  in c r e a s e d  t o  4mg/g d u r i n g  O ctober  and e a r l y
November. The c o n c e n t r a t i o n s  remained between 3 and 4mg/g  
f rom l a t e  November t o  e a r l y  A p r i l ,  1986.  From mid A p r i l  t o  
t h e  r e s t  o f  t h e  p e r i o d  o f  s t u d y ,  o r th o p h o s p h a t e  l e v e l s  
rem ained  around 3mg/g.
In  t h e  f i r s t  m id d le  l a y e r  (2cm f rom  t o p ) ,  
o r th o p h o s p h a t e  c o n c e n t r a t i o n s  ranged f rom 1 . 6  t o  5mg/g and 
t h e  seasona l  p a t t e r n s  were s i m i l a r  t o  t h e  f l o c c u l e n t  l a y e r .
In  t h e  second m id d le  l a y e r  (4 cm from t o p ) , 
o r th o p h o s p h a te  c o n c e n t r a t i o n s  ranged from 1 . 9  t o  3 .7m g/g„  
The c o n c e n t r a t i o n s  rem ained  around 2mg/g from J u l y  t o  mid 
O c to b e r .  I t  i n c r e a s e d  t o  t h e  h i g h e s t  l e v e l  in  l a t e  O cto ber  
t o  e a r l y  November and remained around 3mg/g f rom  mid 
November t o  t h e  r e s t  of  t h e  p e r i o d  o f  s t u d y .
In  t h e  deep l a y e r  <8 cm from t o p ) , o r t h o p h o s p h a t e  
c o n c e n t r a t i o n s  ranged from 2 t o  4mg/g showing sm a l l  
i r r e g u l a r  f l u c t u a t i o n s .  The h i g h e s t  c o n c e n t r a t i o n s  were
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o b s e r v e d  d u r i n g  l a t e  J u l y  t o  mid August  and -from l a t e  
O c t o b e r  t o  e a r l y  N ovem ber  and  t h e  lo w e s t  l e v e l s  were  
o b s e r v e d  i n  e a r l y  F e b r u a r y ,  l a t e  M a rc h  and in  l a t e  May t o  
e a r l y  J u n e *
U n l i k e  s t a t i o n  :L, o r th o p h o s p h a te  c on c en t  r  a t  i on s i n t  h e 
sed im en t  a t  s t a t i o n  2 , d id  no t  show a l a t e  summer maximum 
because t h e  sed im ent  sur- face was a lw a ys  w e l l  oxy g en a ted  
( F i g .  6 ) .  However ,  t h e  c o n c e n t r a t i  ons ranged -from 0 . 9  t o  
4 .2 m g /g .
In  t h e  -fl occul  e n t  l a y e r ,  t h e  lo w e s t  l e v e l  o-f 
o r t h o p h o s p h a t e  was observed  in  J u l y  t o  e a r l y  A u gus t ,  i t  
i n c r e a s e d  t o  3mg/g in  l a t e  August t o  l a t e  September and 
re ac h ed  t o  t h e  h i g h e s t  l e v e l  in  mid O c t o b e r . From l a t e  
October  t o  mid J a n u a r y ,  1986,  t h e  c o n c e n t r a t i o n s  rem ained  
around 3mg/g and a g a in  in c r e a s e d  t o  4mg/g in  l a t e  J a n u a ry  t o  
e a r l y  F e b r u a r y .  The c o n c e n t r a t i o n s  a g a in  d e c l i n e d  t o  3mg/g  
in  l a t e  F e b ru a r y  and s i m i l a r  l e v e l s  rem ained  up t o  l a t e  
A p r i l .  I t  d e c l i n e d  g r a d u a l l y  -from e a r l y  May and re ac h ed  t o  
2mg/g d u r in g  l a t e  May and e a r l y  June.  In  t h e  m id d le  l a y e r  
<4 cm -from to p )  , o r th o p h o s p h a te  c o n c e n t r a t i o n s  ranged from  
1 . 2  t o  3 . lmg/g  and t h e  seasona l  p a t t e r n s  were s i m i l a r  t o  t h e  
•f 1 occu 1 e n t  l a y e r .
In  t h e  deep l a y e r  ( 8 cm -from t o p ) ,  o r t h o p h o s p h a t e
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c on c en t  r a t  i on s wer e g en e r  a it 1 y 1 ow cl ur  i n g most o-f t  he t  i me 
and r  anged f  r  om 0 . 98 t  a 3mg/g "I"he lo w e s t  concen t  r  a t  i ons 
wer e ob s e r v 0 d i n J u. 1 y , l a t e  N0 vember t  o e a r l y  December1, mid
Mar ch , 1986 and 1 a t  e lv!ay t o  ear11 y J u n e « The h :i. g h e s t
c o n c e n t r a t i o n s  were observed  in  e a r l y  November, A p r i l  and 
e a r l y  May*
The exchange o-f n u t r i e n t  io n s  a c ro s s  t h e  sed im ent  
sur- face  in  l a k e s  a r e  m a in ly  governed by t e m p e r a t u r e  and 
s e d i m e n t a t i o n  o-f o r g a n ic  ses ton  <Kamp~Ni e l  s e n , 1975)  „ The  
summer maximum in  p r i m a r y  p r o d u c t i o n  d u r in g  June and J u l y  
<Fig- 35)  was - fo l lowed by t h e  h i g h e s t  p r o d u c t i o n  o-f- o r g a n i c
s e s to n  i n  l a t e  J u l y  t o  August ( F ig -  4 4 ) -  Due t o  i n c r e a s i n g
sur- face and bottom t e m p e r a t u r e  in  t h i s  p e r i o d ,  sed im ent  
sur- face was c o m p l e t e l y  deoxygenated  and a n a e r o b i c  
d e c o m p o s i t io n  o-f t h e  sed im ented  o r g a n ic  ma1 1 er  acce  1 e r a t e d  
which was r e f l e c t e d  i n  t h e  maximum r e l e a s e  o f  pho sphate  in  
t o  t h e  o v e r l y i n g  w a te r  <Fig« 17 ) -  The s t i m u l a t i n g  e f f e c t  o-f 
sed im ented  o r g a n ic  m a t t e r  in  t h e  exchange p r o c e s s  of  
pho sphate  were r e p o r t e d  by Gunat . i l  ka (1978)  and Tessenow  
( 1 9 7 2 ) -  In  deep w a te r  sed im ent  a t  s t a t i o n  1,  t h e  i n c r e a s e  o-f 
pho sphate  i n  t h e  f 1 o c c u le n t  1 a yer  d u r in g  h y p o l i m n e t i c  a n o x ia  
c o u ld  a l s o  be due t o  m o b i l i s a t i o n  from t h e  deep s e d im e n t .  
However,  in  p r o f u n d a l  s e d im e n t ,  t h e  l i b e r a t i o n  of  pho sphate  
d u r i n g  summer s t a g n a t i o n  i s  we11 documented (e - g - M o r t i m e r ,
1941 -“-42 9 Kamp-Ni e l  sen , 1974s Banin e t  a l  - , 1975p Guppy &
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Figure 62. Seasonal variations of Carbon/Nitrogen ratio in the 
sediment from July, 1985 to June, 1986.
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H a p p e y  Wood,  1978$ S k o g h e i m ,  1978!! C l a y  & W ilhm , 1979) .
"I"he :i. n c r  e a s e o f  p h osp h a t® i n t h e f 1 occul  e n t  1 a y e r  a f  
the? s e d i m e n t  i n  s h a l l o w  w a t e r  a t  s t a t i o n  2 c o u ld  be  due t o  
r  ed i s t r  i bu t  i on o f  phosphate  from t h e  w a te r  a t  t e r  o v e r  t u r  n , 
supplem ented  -from t h e  deep w a te r  s e d im e n t .
Phosphate  c o n c e n t r a t i o n s  showed v e r y  sm al l  - f l u c t u a t i o n s  
both  s e a s o n a l l y  and v e r t i c a l l y  d u r in g  most o-f t h e  t i m e  i n  
both  t h e  s t a t i o n s  e x c e p t  t h e  summer s t a g n a t i o n  p e r i o d  in  
deep w a te r  sed im ent  in  Dubh Lochan.  S i m i l a r  o b s e r v a t i o n s  
were a l s o  made by Boers e t  a l . ,  <1984 ) .  Kamp~Niel sen <1975)
r e p o r t e d  t h a t  a s t e a d y  - f i x a t i o n  of  phosphate  t a k e s  p l a c e  in  
t h e  l i t t o r a l  as w e l l  as p r o f u n d a l  s ed im en ts  d u r i n g  t h e  
w i n t e r .
7 . 3 . 5 .  C a r b o n / N i t r o g e n  r a t i o  s
C a r b o n / N i t r o g e n  <C/M> r a t i o  o f  t h e  sed im ent  showed 
d i s t i n c t  seasona l  and v e r t i c a l  d i s t r i b u t i o n  p a t t e r n s  in  
both  t h e  s t a t i o n s  ( F i g .  62)  and v a r i e d  between 5 and 35 .
In  deep w a te r  a t  s t a t i o n  1,  t h e  C/N r a t i o  in  t h e  
f l o c c u l e n t  l a y e r  of  t h e  sed im ent  was a p p r o x i m a t e l y  15 i n  mid 
J u l y ,  i t  d e c l i n e d  g r a d u a l l y  t o  5 i n  August and a g a in  
in c r e a s e d  g r a d u a l l y  t o  20 in  e a r l y  O c to b e r .  The C/N r a t i o
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d e c r e a s e cl s 1 ;i. g h t l y  :i. n m:i. d 0 c t o be r  and a g a in  in c r e a s e d  t o  t h e  
h i g h e s t  l e v e l  (30 )  in  l a t e  October  t o  e a r l y  November. I t  
d e c l i n e d  t o  10 i n  m id  N ove m ber  and s i m i l a r  l e v e l s  rem ained  
t i l l  J u n e ,  1986 .
In  t h e  f i r s t  and second m id d le  l a y e r ,  C/N r a t i o  
rem ained  around 10  d u r in g  most o f  t h e  t im e  e x c e p t  in  l a t e
J u l y  and from mid A p r i l  t o  e a r l y  May in  t h e  f i r s t  m id d le  
l a y e r  and from December t o  mid F e b ru a r y  i n  t h e  second m id d le  
l a y e r  when i t  in c r e a s e d  t o  15 and i n  O ctober  t o  e a r l y
November when i t  reached  t o  20 .
In  t h e  deep l a y e r ,  C/N r a t i o  was s i m i l a r  t o  t h e  m id d le  
l a y e r  e x c e p t  in  J u l y  when i t  reached  t o  30 .
At s t a t i o n  2 ,  C/N r a t i o  in  t h e  f l  occul  e n t  layer-  
rem ained  around 15 in  J u l y ,  i t  d e c l i n e d  t o  10 in  August  and
th e n  i n c r e a s e d  g r a d u a l l y  t o  t h e  h i g h e s t  l e v e l  (25)  i n  l a t e
September t o  e a r l y  O c to b e r .  The C/N r a t i o  d e c l i n e d  g r a d u a l l y  
t o  10 in  l a t e  November t o  e a r l y  J a n u a r y ,  1986 and a g a in  
i n c r e a s e d  t o  15 in  F e b ru a r y  and March. I t  d e c l i n e d  t o  10 in  
e a r l y  A p r i l  and s i m i l a r  l e v e l s  rem ained  th r o u g h o u t  t h e  r e s t  
of  t h e  p e r i o d .
In  t h e  m id d le  l a y e r ,  C/N r a t i o  was s i m i l a r  t o  t h e  
f l o c c u l e n t  l a y e r .
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I n  t h e  dee p  l a y e r . ,  C /N  r a t i o  w a s  h ig h  (25)  in  l a t e  J u l y  
and e a r l y  A u g u s t ,  i t  d e c l i n e d  s l i g h t l y  (20)  i n  mid August  t o  
e a r l y  S e p t e m b e r  and a g a i n  i n c r e a s e d  t o  t h e  h i g h e s t  l e v e l  
(35)  i n  l a t e  September t o  e a r l y  O c to b e r .  The C/N r a t i o
d e c l i n e d  g r a d u a l l y  t o  10 in  e a r l y  December and s i m i l a r  
l e v e l s  rem ained  t h r o u g h o u t  t h e  r e s t  o-f t h e  p e r i o d  of  study..
S la c k  (1954 )  r e p o r t e d  C/N r a t i o s  of- Loch Lomond 
sed im ent  v a r y i n g  -from 5 t o  44 which i s  v e r y  s i m i l a r  t o  t h e  
p r e s e n t  study..  Most o-f t h e  v a lu e s  ranged -from 10 -  20  which  
a l s o  a g r e e s  w i t h  t h e  p r e s e n t  s tu d y .  V a lu e s  between 10 and 20  
i s  common in  o t h e r  o l i g o t r o p h i c  l a k e s  (e .  g . C la y  & Wilhm,  
1979$ Guppy & Happey -  Wood, 1978s P e n n in g to n ,  1973). .  The 
r e l a t i v e  p r o p o r t i o n  o-f carbon w i t h  r e s p e c t  t o  n i t r o g e n  i s  
used in  a g r i c u l t u r a l  r e s e a r c h  as i n d i c a t i n g  s o i l  q u a l i t y ,  
has been employed in  i n v e s t i g a t i o n s  o-f l a k e  d e p o s i t s  w i t h  
t h e  o b j e c t  o-f d e t e r m in in g  t h e  t r o p h i c  s t a t e  ( M i s r a ,  1 9 3 8 9
S t a n g e n b e r g ,  1 9 4 9 ) .  S tangenberg  (1949)  quoted s e v e r a l  
a u t h o r s  t o  show t h a t  C/N r a t i o s  o-f t e r r e s t r i a l  p l a n t s  a r e  
h ig h  <25 -  40)  and of  p l a n k t o n  and submerged phanerogams a r e  
low (5 -  1 0 ) .  In  t h e  p r e s e n t  s tu d y  on ses ton  and s e d im e n t ,  
C/N r a t i o  ranged from 10 -  30 d u r in g  most o f  t h e  t i m e  and
t h e  h i g h e s t  l e v e l s  (30 -  35)  d u r in g  1 a t e  autumn i n d i c a t e s  
h ig h  c o n t e n t  o f  a l 1ochthonous m a t e r i a l s  t o g e t h e r  w i t h  t h e
i n f l u x  o f  p ea t  e x t r a c t ®  from t h e  d r a i n a g e  b a s in .  In  most
l a k e s ,  C/N r a t i o  g e n e r a l l y  f a l l s  as t h e  o r g a n i c  c o n t e n t
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Figure 63. Seasonal variations of Nitrogen/Phosphorus ratio in 
the sediment from July, 1985 to June, 1986.
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r:i. ses., Low o r g a n ic  m a t t e r  and h i g h  C/M r a t i o  i n d i c a t i n g  
o 1 :i. g o t r ap\"!y , and the? co n verse  e u t r o p h y  w h i l e  h ig h  o r g a n ic  
c o n t e n t  and h i g h  C/N r a t i o  d e n o t e s  a h ig h  d e g re e  o f  
d y s t  r  o p h y ( S l a c k ,  19 54 )  w h i  c h a g r  e e s wi t  h t h e  p r  e s  e n t  s  t  u d y .. 
H o w e v e r , t h e r e  a r e  s e v e r a l  r e p o r t s  w h e r e  t h e s e  
g e n e r a l i z a t i o n s  do not  - f i t  ( M i s r a ,  1938 g S ta n g e n b e r g ,  1949)  
and more d a t a  a r e  r e q u i r e d  -from many more l a k e s  b e f o r e  i t  
can be d e c id e d  w hether  t h e s e  - fa c to r s  a r e  o-f r e a l  use in  
j u d g in g  t h e  t r o p h i c  l e v e l s  o-f l a k e s .
7 . 3 . 6 .  N i t r o g e n  /  Phosphorus (N /P )  r a t i o  s
N i t r o g e n  /  Phosphorus r a t i o  o-f t h e  sed im ent  ranged from  
2 . 5  t o  10 showing s l i g h t l y  h i g h e r  v a l u e s  d u r i n g  t h e  summer 
months ( F i g .  6 3 ) .
In  deep w a te r  a t  s t a t i o n  1,  N/P r a t i o  i n  t h e  f l o c c u l e n t  
l a y e r  in c r e a s e d  g r a d u a l l y  f rom 5 i n  J u l y  t o  t h e  h i g h e s t  
l e v e l  (10)  d u r in g  l a t e  August t o  e a r l y  September when t h e  
sed im ent  s u r f a c e  was c o m p l e t e l y  deoxygenated  ( F i g .  5 ) .  A f t e r  
t h e  autumn o v e r t u r n ,  i t  d e c l i n e d  r a p i d l y  t o  2 . 5  i n  l a t e  
September t o  e a r l y  O c to b e r .  D u r in g  O c to ber  and November, N /P  
r a t i o  showed i r r e g u l a r  f l u c t u a t i o n s  r a n g i n g  f rom  2 . 5  t o  5 .  
I t  i n c r e a s e d  g r a d u a l l y  f rom 2 . 5  i n  December t o  5 i n  l a t e  
F e b r u a r y ,  1986 and s i m i l a r  l e v e l s  rem ained  d u r i n g  t h e  r e s t  
of  t h e  p e r i o d .
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I ii 11 "i e f :i, r  s t  m i  d <::) 1 e 1 a y e r  < 2 c m from t  o p ) ,  N /  P r  a t  i  o
i'" a n g e c:l -f r" o en 2 „ 5 t  o 7,, 3 a n d s h o wed s i m i l a r  p a t t e r n s  □ f
s e a s o n a l  v a r i a t i o n s  a s  was o b s e r v e d  i n  t h e  - f l  o c c u l  e n t  l a y e r . .
In  t h e  second m id d le  l a y e r  (4cm •from t o p ) ,  N/P r a t i o  
was t h e  h i g h e s t  (7.55) in  l a t e  J u l y  t o  mid A u g u s t ,  i t  
d e c l i n e d  g r a d u a l l y  t o  5 i n  mid September and s i m i l a r  l e v e l s  
rem ained  d u r in g  t h e  r e s t  o-f t h e  p e r i o d  o-f s t u d y .
In  t h e  deep l a y e r  ( 8 cm from t o p ) ,  N/P r a t i o  rem ained  
around 5 d u r i n g  most o f  t h e  t im e  e x c e p t  i n  l a t e  J u l y  and in  
O cto ber  t o  e a r l y  November when i t  d e c l i n e d  t o  2 . 5 .
At s t a t i o n  2 ,  N /P r a t i o  ranged f rom 2 . 5  t o  7 . 5  and
v e r t i c a l  v a r i a t i o n  was observed  o n l y  from mid March ,  1986 t o
June.  However ,  f rom J u l y  t o  e a r l y  September N/P r a t i o  
rem ained  around 5 ,  i t  d e c l i n e d  s h a r p l y  t o  2 . 5  i n  mid 
September and s i m i l a r  l e v e l s  rem ained  up t o  e a r l y  November.  
The N/P r a t i o  a g a in  in c r e a s e d  t o  5 in  l a t e  November t o  e a r l y  
J a n u a r y ,  1986,  d e c l i n e d  t o  2 . 5  in  l a t e  J a n u ary  t o  e a r l y  
F e b ru a r y  and a g a in  in c r e a s e d  t o  5 in  e a r l y  March.
From mid March,  N /P r a t i o  in  t h e  f l o c c u l e n t  l a y e r  
in c r e a s e d  g r a d u a l l y  f rom 5 t o  7 . 5  d u r in g  May and mid June?. 
The N/P r a t i o  in  t h e  m id d le  l a y e r  <4 cm from t o p )  rem ained
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unchanged b u t  i n th e  deep l a y e r  (Bern f rom t o p )  i t  d e c l i n e d
g r  a d u a 11 y t  a 2 „ 5 d u r  i n g M a y a n d e a r 1 y J u n e ..
S l i g h t l y  h i g h e r  N/P r a t i o  d u r in g  l a t e  s p r i n g  and summer
t  h an 1 h e r  es t  o f  t  h e p e r i  od i s r  e 1 a t  ed w i t  h h i g h
c o n c e n t r a t i o n s  o f  n i t r o g e n  in  t h e  o r g a n i c  m a t t e r  o r i g i n a t i n g  
m ain 1y f rom p h y to p 1 a n k t o n » The hi  g hes t  1ev e l  d u r i  ng 1 a t e  
summer was due t o  a n a e r o b ic  d e c o m p o s i t io n  o f  t h e  sed im en t  a t  
a t i m e  when t h e  s e d im e n t a t io n  o f  se s to n  was a l s o  h i g h .  The  
i n c r e a s e  in  N/P r a t i o  in  summer i s  p resum ably  i s  a measure  
of  t h e  r e l a t i v e  m o b i l i t y  o f  t h e s e  two e le m e n ts  in  t h e
s e d im e n t .  N i t r o g e n  i s  much more s o l u b l e  and t h e r e f o r e  m o b i le  
th a n  phosphorus even under a n a e r o b ic  c o n d i t i o n s .  A l though  
s e s to n  biomass ( F i g .  44) was h igh  d u r i n g  autumn and w i n t e r ,  
N/P r a t i o  was low which i s  due t o  low n i t r i g e n  c o n t e n t  of  
o r g a n i c  m a t t e r  o r i g i n a t i n g  m a in ly  f rom  t h e  l i t t o r a l  
m acroph ytes .
However,  t h e  v a r i a t i o n  o f  N/P r a t i o  between t h e  two
s t a t i o n s  was s l i g h t  e x c e p t  i n  l a t e  J u l y  and August .
Golachowska (1984 )  s t u d i e d  l a k e  s ed im en ts  w o r ld  w ide
and r e p o r t e d  t h a t  N/P r a t i o  v a r i e d  from l a k e  t o  l a k e
i r r e s p e c t i v e  o f  t h e  t y p e  of  t h e  w a te r  body,  i t s  dep th  and 
c l i  mate.
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Figure 64. Seasonal variations of energy content per gram dry 
weight of sediment from July, 1985 to June, 1986. 
Energy content is expressed in KJ x 1000/g.
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The en e rg y  c o n t e n t  per  gram d r y  w e ig h t  o f  sed im ent  was 
a lw a y s  h i g h e r  a t  s t a t i o n  i than  a t  s t a t i o n  2 ( F i g .  64)  and 
showed c l o s e  r e l a t i o n s h i p  w i t h  t h e  en e rg y  c o n t e n t  o f  s es to n  
c o l l e c t e d  f rom 9m depth  ( F i g .  5 2 ) .
In  deep w a te r  a t  s t a t i o n  1,  t h e  en e rg y  c o n t e n t  o f  t h e  
s ed im ent  ranged -from 5 . 2  X 1000 t o  1 0 . 5  x lOOOKJ/g. In  t h e  
b e g in n i n g  o f  t h e  s tu d y  p e r i o d ,  t h e  en e rg y  c o n t e n t  was h igh  
( 9 . 4  x i 0 0 0 K J /g )  i n  J u l y ,  i t  i n c r e a s e d  t o  t h e  h i g h e s t  l e v e l  
( 1 0 . 5  x lOOOKJ/g) i n  August  and s i m i l a r  l e v e l s  rem ained  in  
September .  I t  d e c l i n e d  g r a d u a l l y  -from (S. 6  x lOOOKJ/g)  
O cto ber  and reached  t o  t h e  lo w e s t  l e v e l  ( 5 . 2  x lOOOKJ/g) in  
March.  I t  i n c r e a s e d  g r a d u a l l y  f rom <5 .5  x lOOOKJ/g) A p r i l  
and reached  t o  7 . 5  x lOOOKJ/g in  June.
At s t a t i o n  2 ,  t h e  ene rg y  c o n t e n t  o f  t h e  sed im ent  ranged  
f rom 3 . 8  x 1000 t o  7 . 5  x lOOOKJ/g. A l though  t h e  seasona l  
p a t t e r n  was s i m i l a r ,  t h e  l e v e l s  were a lw ays  s l i g h t l y  low er  
than  s t a t i o n  1. The ene rg y  c o n t e n t  o f  t h e  sed im ent  was a t  
t h e  h i g h e s t  l e v e l  f rom J u l y  t o  September <7 .2  x 1000 t o  7 . 6  
x i 0 0 0 K J / g > ,  i t  d e c l i n e d  g r a d u a l l y  f rom <6 . 6  x lOOOKJ/g)  
O ctober  and reached  t o  t h e  lo w e s t  l e v e l  <3 .8  x iOOOKJ/g) in
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Figure 65. Seasonal variations of energy content per gram ash free 
dry weight of sediment from July, 1985 to June, 1986. 
Energy content is expressed in KJ x 1000/g.
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F e b r u a r y ,  1936 „ I t  i n c r e a s e d  g r a d u a l l y  ■from <4 .2  x 1000K J /  g ) 
M a rc h  and r e a c h e d  t o  6 ., 3 lOOOKJ/g i n  June*
7 » 3 » 7 « 2 „  E n e r g y  c o n t e n t  p e r  gram ash  - free d r y  w e ig h t  of  
sed im ent  s
The ene rg y  c o n te n t  c a l c u l a t e d  on t h e  b a s i s  o f  ash -f ree  
d r y  w e ig h t  o f  sed im ent  ( F i g .  65) a l s o  showed s i m i l a r  p a t t e r n  
of  seasona l  v a r i a t i o n  as was observed  on d r y  w e ig h t  b a s i s  
( F i g .  6 4 ) .
In  deep w a te r  a t  s t a t i o n  1,  t h e  en e rg y  c o n t e n t  o-f ash 
• f ree d r y  w e ig h t  o-f t h e  sed im ent  v a r i e d  between 17. I x 1000  
and 3 9 . 3  x iOOOKJ/g. The energy  c o n t e n t  was h ig h  i n  J u l y  
<27.1  x lO O O K J /g ) , i t  d e c l i n e d  s h a r p l y  th ro u g h  August  <3 4 .1  
x iOOOKJ/g> and reached  t o  t h e  h i g h e s t  l e v e l  ( 3 9 . 3  x 
lOOOKJ/g) in  September when t h e  sed im ent  s u r f a c e  was 
c o m p l e t e l y  deoxygenated  ( F i g .  5 ) .  I t  d e c l i n e d  s h a r p l y  in  
O cto ber  <28 .4  x IOOOKJ/g) and a g ra d u a l  d e c l i n e  from  
November l e a d  t o  t h e  lo w e s t  l e v e l  i n  March <17.1  x 
IO O O K J /g ) . The ene rg y  c o n te n t  in c r e a s e d  g r a d u a l l y  f rom A p r i l  
< 22 .8  x 1000KJ/g> and a g a in  reached t o  h igh  l e v e l  < 3 0 .0 K J /g )  
i n  June.
In  s h a l l o w  w a te r  a t  s t a t i o n  2 , t h e  ene rg y  c o n t e n t  of  
ash f r e e  d r y  w e ig h t  o f  t h e  sed im ent  v a r i e d  between 1 2 .0  x
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1000 and  33  „ :l. 1 0 0 0 KJ /g  „ The e n e r g y  c o n t e n t  was a l s o  h ig h
i n  J u l y  (29,. 8 x iO O O K J / g ) ,  i t  i n c r e a s e d  t o  t h e  h i g h e s t  l e v e l  
i  n A i, i g u s t  ( 3 3 ,, :t. x 10001C J /  g ) a n d t  h e n d e c 1 i n e d s  h a r  p 1 y i  n 
S e p t e m b e r  ( 1 8 . 3  1000 l<J /g>  . T h e  ene rg y  c o n t e n t  a g a in
in c r e a s e d  s h a r p l y  M.n O ctober  <25., 1 x 1000KJ /g )  and then  
d e c l i n e d  g r a d u a l l y  -from November <21 .3  x IOOOKJ/g) and  
reac hed  t o  t h e  lo w e s t  l e v e l  i n  March ( 1 2 . 0  x 100 0 l< J /g ) .  I t  
in c r e a s e d  s h a r p l y  in  A p r i l  <24 .3  x 1000KJ/g> and then  
d e c l i n e d  s l i g h t l y  i n  May <22 .8  x lOOOKJ/g) and s i m i l a r  
l e v e l s  rem ained  i n  June <22 .7  x IO O O K J/g )»
C o m p a r a t i v e ly  h i g h e r  l e v e l s  o-f en e rg y  in  t h e  sed im ent  
d u r i n g  t h e  whole  summer th an  t h e  r e s t  o-f t h e  p e r i o d  in  both  
t h e  s t a t i o n s  a t  a t im e  when t h e  sed im ent  r e c e i v e d  h igh  
ene rg y  c o n t e n t  s es to n  ( F i g .  52)  m a in ly  -from t h e  d ea th  and 
d e c o m p o s i t io n  o f  p h y t o p l a n k t o n .  Salmi  (1954)  r e c o r d e d  a 
s t  r  i k i n g p o s i t  i v e c o r  r  e 1 a t  i o n b e t  w e e n e n e r  g y c o n t  e n t  a n d t  h e 
d e g re e  o-f d e c o m p o s i t io n  o-f sed im ent  in  two F i n n i s h  l a k e s .  
Gorham & Sanger (1967 )  e v a l u a t e d  t h e  r o l e  o-f sou rc e  m a t e r i a l  
i n  t h e  e n e rg y  c o n t e n t  o-f sed im ent  and conc luded  t h a t  
sed i men t  r  ec e i v i n g more a l g a l  mater  i a 1 c on t a i n  h i g h e r  ene r  g y 
th an  th o s e  r e c e i v i n g  o r g a n ic  m a t t e r  -from a q u a t i c  
m acroph ytes .  The h i g h e s t  ene rg y  c o n t e n t  o f  t h e  sed im ent  a t  
s t a t i o n  1 d u r in g  August  and September  when t h e  h y p o l im n io n  
was c o m p l e t e l y  deoxygenated  ( F i g .  5 > co u ld  be r e l a t e d  w i t h  
a n a e r o b i c  decay o f  sed im ent  o r g a n ic  m a t t e r .  Gorham & Sanger
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( 19 67) r  e p o r t e  d t  h a t  o r g a  n i c m a 11 e r  o-f t h e  an a or  o b :L c l a k e  
mu d i s I"i :i. g h I y e: omm :i. n lat ed an d d ec omp osed an d t  h i s c on d i t  i on 
i n a y b e p a r  11 y i'" e s p o n s i b I e -f o r  i t  s h i g h. e n e r  g y c o n t  © n t « 
S h a l l o w  p a r t s  o f  t h e  l a k e  such as a t  s t a t i o n  2 ,  exposed t o  
w in d ,  a r e  c h a r a c t e r i z e d  by t h e  c o n t in u o u s  r e s u s p e n s io n  o-f 
or g an i c m at t  e r  wh i c h b ec omes ox i cl i ?. ed w i t  h a r  esu 1 1 i n g 1 oss  
o-f en e rg y  (Jonasson,  1 9 7 9 ) .  Due t o  c o n t in u o u s  r e s u s p e n s io n  
o-f o r g a n ic  m a t te r  and t h e  p r e f e r e n t i a l  a c c u m u la t io n  of  
m in e r a l  p a r t i c l e s ,  t h e  p r o p o r t i o n  o f  m in e r a l  p a r t i c l e s  in  
t h e  sed im ent  w i l l  be h i g h e r  than  o r g a n ic  m a t t e r .
Hence l o o s e ,  low en e rg y  c o n t e n t  m a t e r i a l  co v ered  t h e  
bottom and low ered  t h e  en e rg y  c o n t e n t  o f  t h e  s e d im e n t .  The  
low esnergy c o n t e n t  o f  t h e  sed im ent  f rom December t o  March,  
1986 c o u ld  be r e l a t e d  w i t h  low p r o d u c t i o n  of  p h y t o p la n k t o n  
( F i g .  23) an d 1 ow energ y  c o n t  e n t  o f  or  g an i c s e s t  on 
o r i g i n a t e d  m a in ly  f rom t h e  d e a th  and d e c o m p o s i t io n  of  
a q u a t i c  macrophytes  and a l  1 ochthonous o r g a n ic  and i n o r g a n i c  
m a t e r i a l s .  C o m p a r a t i v e ly  low er  ene rg y  c o n t e n t  o f  t h e  
sed im en t  a t  s t a t i o n  2  th an  s t a t i o n  1 d u r in g  t h e  whole  p e r i o d  
of s tu d y  c ou ld  be r e l a t e d  w i t h  p a r t i c l e  s i z e  (no t  d e te r m in e d  
i n  t h e  p r e s e n t  s tu d y )  o f  sed im er i t ing  o r g a n ic  m a t t e r .  L a r g e r  
p a r  t  i c 1 es of  o r g a n ic  mat t  e r  s e t  1 1 e f i r  s t  an d sma1 1 e r  
p a r t i c l e s  rem ain  in  suspens ion  u n t i l  r e a c h in g  t h e  q u i t e r ,  
deeper  w a te r s  (C la y  & W11hm, 1979>. F r i n k  <1969) e s t a b 1 ish ed  
good c o r r e l a t i o n  between p a r t i c l e  s i z e  and w a te r  d e p th .
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Figure 70 (A,B,C,D). Relationship between energy concent of 
sescon and sedimenc.
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Gorham fa Sanger  (1967)  graded t h e  sed im ent  samples a c c o r d in g  
t o  p a r t i c l e  s i z e  by s i e v e i n g  d r i e d  samples and found t h a t  
t !i e  ener  gy c o n te n t  i ncreased  di  r e c 1 1y wi th  d e c r e a s i  ng 
p a r t  i c 1 e s i x e o f  11 * e is e d i m e n t  „ C o m p a r  a t  i v e 1 y h i g h e r  e n e r  g y 
c:on t  en t  o f  t h e  sed i enen t  i n d eeper  p a r  t  than  i n t  he sha 11 ower 
p a r t  o-f t h e  same l a k e  have been r e p o r t e d  by s e v e r a l  w o rk e rs  
( e , g .  Gorham fa. S a n g e r , 1 96 7 5 L a s t e i n ,  1976? Jon assort , 1 9 7 9 ) .
R e l a t i o n s h i p  b e t w e e n  s e s t o n  and  s e d i m e n t  e n e r g e t i c s  2
Th e p r e c  i  s e  r e 1 a t  i  o n s h i  p b e t w e e n  s e s t  on and  s e d  i m e n t  
e n e r g e t i c s  i s  d i - f - f i c u l t  t o  e s t a b l i s h  a l t h o u g h  s e s t o n  
p r o d u c t i o n  o v e r  a p e r i o d  o f  t i m e ,  p e r  u n i t  l a k e  s u r f a c e  
c o u l d  b e  a s s e s s e d  u s i n g  a t r a p ,  o r g a n i c  m a t t e r  r e c e i v e d  b y
t h e  s £5d i  f f ient  o v e r  t h a t  p e r  i  od and  a r  ea  c o u  1 d n o t  be
s e p e r a t e d  f r o m  t h e  e x h i  s t i n g  o r g a n i c  c o n t e n t  o f  t h e  
s  e d i  m e n t . T h u s t  h e o n I y  b a s i s  f  o r  c o m p a r  i  s  o n i  s  t  hi e e n e r  g y 
c o n t e n t ,  p e r  g ra m  d r y  w e i g h t  o f  b o t h  s e s t o n  and  s e d i m e n t , .  I n  
c o n s i d e r i n g  t h e  e n e r g y  c o n t e n t  o f  s e s t o n  and  s e d i m e n t  on 
t h i s  b a s i s ,  a p r o b  1 em s t i  I I  r e m a i  n s  b e c a u s e  t h e  s e d i  meant 
c o n t a i n s  much h i g h e r  p r o p o r t i o n s  o f  m i n e r a l s  t h a n  s e s t o n  a s  
i t  r e c e i v e s  n o t  o n l y  s e s t o n  b u t  . a l s o  m i n e r a l s  f r o m  
a l l o c h t h o n o u s  s o u r c e s  i n c l u d i n g  d r i f t  f r o m  t h e  s h o r e  w h i c h  
do  n o t  come t h r o u g h  s e s t o n . ,  To o v e r c o m e  s u c h  a p r o b l e m ,  t h e  
e n e r g y  c o n t e n t  o f  s e d i m e n t  i s  a l s o  c o m p a r e d  w i t h  s e s t o n
e n e r  g e t  i  c s  o n a n a s h f  r  e e d r  y  w e i  g h t  b a s i  s .
A l t h o u g h  s e s t o n  s a m p le s  w e re  c o l l e c t e d  f ro m  1m and 9m 
d e p  t. h , 1 il l s a  m p 1 ea s w e r  e e x  c 1 u d e d f  r  o m t h i s  c o m p a r  i  s o n bee a u  s e
o f  p sa r  i  p h y t  i  c a 1 g a 1 g r  o w t  h i n s i  d e t  hi e s e s t  o n t  u  b e s a n d a 1 s c:> 
t h e  d e g r e e  o f  d e c o m p o s i t i o n  o f  o r g a n i c  m a t t e r  b e tw e e n  t h e  
tw o  d e p t  hi s d u  e t  o d e 3. a y i n  s e d i m e n t  a t  i  o n p r  o c e s s „
T h e c o m p a r  i  s o n o f  s e d i m e n t  e n e r  g e t  i c s f  r  o m d e e p € S t  „ i ) 
a n d s i”i a 1 1 o w ( S t . 2)  w a t. e r  w i  t  hi s 6? s t  o n i. s s t  i  11 p r  o b 1 e m a t  i  c 
b e c a u s e  deep w a t e r  s e d i m e n t  r e c e i v e s  more decomposed s e s t o n  
m a i n 1 y f  r  o m a l g a l  rn a t  e r  i a 1 w h i  <:: h p a s s e s t  h r  o u g h I  o w e r  t  o 
d e e p e r  w a t e r  column and s h a l l o w  w a t e r  s e d i m e n t  r e c e i v e s  
comp a r  a t  i v e 1y 1e s s  decomposed o r g a n i c  ma11 e r  wi t  h a h i  g h e r  
p r o p o r t i o n  p r o b a b l y  coming f ro m  t h e  dead and decomposed  
a q u a t  i c macr oph y t. es and l e a f  I  i 11 e r  f  r  om t  h e shior e „ Dur i  ng 
t h e  p e r  i  ods o f  t. h e r  rna 1 s t r  a t  i  f  i  c a t  i on espec: i a 1 1 y f  r  om Ju 1 y 
t  o 8 e p t. e (11 b e r  , 1h e d e e p w a t  e r  s e d i rn e n t  s u r  f  a c e i s
d e o x y g e n a t e d  w h e re a s  s h a l l o w  w a t e r  s e d i m e n t  s u r f a c e  a lw a y s  
r e m a i n  w e l l  o x y g e n a t e d  and t h e  e f f e c t  o f  a e r o b i c  and  
a n a e r o b i c  d e c o m p o s i t i o n  on s e d i m e n t  i s  a p p a r e n t .
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Comp a r  a t  i  v e  1 y h i  q h e r  p r  op o r  t  i  on s o f  m :i. n e r  a 1 s i  n t  h e sh  a 11 ow 
w a t e r  s e c l i i i i e n t  (w a s h e d  away f r o m  t h e  s h o r e )  t h a n  i n  deep 
w a t e  r  s e d  i  me n t  i s  a 1. s  o a n o t h e  r  i  m p o r  t  a n t  f  a c t  o r  „ 1-1 o w e v e r
c. o n s i  d e r  i  n g a 11 t  h e s  e p r  o b I e m s a n d a s  s  u m i  n g t  h a t  t  h e 
se d  :i ment. 1 n too th  s h a  1 I ow and  de e p  w a t e r  r e c e i v e  s i  mi 1 a r  
s o r t s  o f  s e s t o n ,  a c o m p a r i s o n  o f  t h e  e n e r g y  c o n t e n t  on 
s e s t o n  and  s e d i m e n t  ( b o t h  d r y  w t « and  a sh  f r e e  d r y  w t „  
b a s i s )  i s  made b y  p r e s e n t i n g  d a t a  on t h e i r  s e a s o n a l  
v  a r  i  a t  i  o n s i  n t  h e s a m e f  i  g u r  e ( F i  g 7 0 )  a n d a I s o  b y p 1 o 11. i  n q 
t h e  e n e r g y  c o n t e n t  o f  s e d i m e n t  a g a i n s t  s e s t o n . ,
T in e hi i  g h e s  t  e n e r  g y  c o n t  e n t  o f  s  e s t  o n a n d c o m p a r  a t  i  v  e 1 y 
h i g h e r  e n e r g y  c o n t e n t  o f  s e d i m e n t  (on  d r y  w t , b a s i s )  a t  
s t a t i o n  1 t h a n  s t a t i o n  2 ,  d u r i n g  t h e  who lea p e r i o d  o f  s t u d y
was p r o b a b l y  d u e  t o  t h e  l o w e r  p r o p o r t i o n  o f  m i n e r a l s  i n
s e s t o n  and  s e d i m e n t  a t  s t a t i o n  1„ D u r i n g  t h e  p e r i o d s  o f  
t  h e r  m a 1 s t  r  a t  i  f  i  c a t  i. o n , t  h e e n e r  g y  c o n t  e n t  o f  s  e s  t o n  a n d 
dee p  w a t  e r  s e d  i  men t  ( on an ashi f  r  ee  d r  y  w t . b a s i  s ) w e r  e a l s o  
h i g h e r  t h a n  t h e  s h a l l o w  w a t e r  s e d i m e n t .  The  e n e r g y  c o n t e n t  
o f  s e s t o n  and  s e d i m e n t  a t  s t a t i o n  i  d i d  n o t  d i f f e r  g r e a t l y  
and  e v e n  t h e  e n e r g y  c o n t e n t  o f  s e d im e n t ,  w e r e  s l i g h t l y  h i g h e r  
t h a n  s e s t o n  i n  S e p t e m b e r ,  O c t o b e r ,  D e c e m b e r ,  1985  amid 
F e b r u a r y ,  1 9 8 6 ,  As c a r b o h y d r a t e  ( w e i g h t  f o r  w e i g h t )  h a s  a 
hi i  g h e r  c a I  o r  i  f  i  c v  a 1 u e t  hi a n p r  o t  e i  n a n d i  f  t  h e p r  o t  e i  n
c o n t e n t  i n  t h e  o r g a n i c  m a t t e r  o f  t h e  s e d i m e n t  i s  c o n v e r t e d
t  o c a r  b o h y  <1 r  a t  e d u. e t  o b a c t  e r  i  a 1 d e c o m p a s  i  t  i  o n ,, t  hi ee e n e r  g y 
v a l u e s  o f  t h e  s e d i m e n t  d u r i n g  t h i s  p e r i o d  c o u l d  i n c r e a s e  
w i t h  no  c h a n g e  i n  t h e  a m o u n t  o f  o r g a n i c  m a t t e r ,
When t h e  e n e r g y  c o n t e n t  o f  s e d i m e n t  (on  b o t h  d r y  and  ash 
f r e e  d r y  w t . b a s i s )  f r o m  b o t h  dee p  and  s h a l l o w  w a t e r  w e re  
p l o t t e d  a g a i n s t  t h e  e n e r g y  c o n t e n t  o f  s e s t o n ., i t  was 
o b s e r v e d  t h a t  t h e  e n e r g y  c o n t e n t  o f  s e d i  meant a t  s t a t i o n  1
i n c r e a s e d  d i r e c t l y  w i t h  s e s t o n  b u t  a t  s t a t i o n  2 ,  i t
i n c r e a s e d  l e s s  r a p i d l y  w i t h  s e s t o n  e n e r g e t i c s .
The  s h a r p  i n c r e a s e  o f  e n e r g y  c o n t e n t  o f  s e s t o n  and 
s e d i m e n t  a t  s t a t i o n  1 d u r i n g  J u l y  and  A u g u s t  and  h i g h  l e v e l  
i n  S e p t e m b e r  was p r o b a b l y  d u e  t o  t h e  e f f e c t  o f  a c o m b i n a t i o n  
o f  d e o x y g e n a t i o n  o f  s e d i m e n t  s u r f a c e  a t  a t i m e  when t h e  
s u p p l y  o f  s e s t o n  was h i g h  d u e  t o  summer a l g a l  b l o o m  e a r l i e r  
i n  J u n e  and  J u l y ,  The  l o w e s t  l e v e l  o f  e n e r g y  c o n t e n t  o f  
s e d i m e n t  a t  s t a t i o n  2 ,  d u r i n g  t h e  same p e r i o d  was pi r o b  a b l y
d u e t  o c o n t i n  u o u s  rn i  x i  n g and  d i  f  f e r  en t  i  a 1 r e s u  sp  en s  i  an o f
o r g a n i c  m a t t e r  f r o m  s e d i m e n t  a t  a t i m e  when t h e  se d im e n t ,  
s u r f a c e  p r o b a b l y  r e c e i v e d  m o s t  o f  t h e  o r g a n i c  m a t t e r  f r o m  
de-ad a nd  d e c o m p o s e d  a q u a t i c  m a c r o p h y t e s  a nd  o t h e r  
a l 1o c h t h o n o u s  s o u r c e s  i n c l u d i n g  l e a f  l i t t e r  f r o m  t h e  s h o r e .
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8 . 1 . : tn t r a d u c t i  an s
Q u a n t i t a t i v e  knowledge o-f b en tho s  a r e  c o n s i d e r a b l y  l e s s  
than  p l a n k t o n  e s p e c i a l l y  in  Dufoh Lochan,. B e n th ic  
e n v i r o n m e n ts  and com m unit ies  a r e  more d i f f i c u l t  t o  s tu d y  
q u a n t i t a t i v e l y .  In  a d d i t i o n ,  t h e  p r o c e s s in g  o-f b e r t th ic  
samples a r e  t im e  consuming.  These prob lem s have t o  some 
e x t e n t  l i m i t e d  t h e  advancement of  t h e  Knowledges o f  b en th o s  
(K a ja k  e t  a l . , 1 9 8 0 ) .
B e n th ic  organ isms may p l a y  a s i g n i f i c a n t  r o l e  in  
f u n c t i o n i n g  l a c u s t r i n e  ecosystem. Many a t t e m p t s  have been 
made t o  c l a s s i f y  l a k e s  on t h e  b a s i s  o f  t h e i r  b e n t h i c  f a u n a  
( B r i n k h u r s t ,  1 9 7 4 ) .  Benthos a r e  v e r y  im p o r t a n t  sed im ent  
p r o c e s s o r s , cau s in g  m ix ing  in  t h e  l a y e r s  in  which t h e y  l i v e  
and c o n t r o l  b a c t e r i a l  p o p u l a t i o n s  by c o n t in u o u s  g r a z i n g .  
The r o l e  of  benthos  in  t h e  exchange o f  c h e m ic a ls  between mud 
and w a te r  by s t i r r i n g  t h e  mud and pumping w a te r  th ro u g h  
t h e i r  burrows must be s i g n i f i c a n t  (K a ja k  e t  a l «,  1980)  
a l th o u g h  l i t t l e  work has been done on t h e  q u a n t i t a t i v e  
a s p e c ts  (Tessenow, 1964 g 1 9 7 2 ) .  Tessenow (1964 )  i n d i c a t e d  
t h a t  Ch ironom ids  cause a 4 f o l d  i n c r e a s e  in  t h e  r a t e  o f
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s i l i c a  release f r o m  the sediments,, Davies et a l » , <1975)
s h o w e d  1: hi a t  I" u b :i. f  i  c :i, d s p l a y  a m i n a r r ole i n p h o s p o r u s 
!• ■ e I e a s e a n d m a y a c t  u a 11 y © n h a n c e p h o s p h o r u s deposit ion.  
G a 11 e p p (1979) rep o r t  e d t  h a t. C h i r o n o m i d s e n h a n c e p h o s p h o r u s 
re 1 ease and where abundant i n the aerobi c region af 1 ake 
sedi ments , th e i r  ac:ti v i t i  es may be e x pected to r©suit  i n a 
s i g n i f i c a n t  source  o f  phosphorus t o  t h e  ep i  l i m n e t i c  region,.
They a r e  a l s o  im p o r t a n t  in  t h e  e n e rg y  t r a n s f e r  p ro c e s s  
i n  l a c u s t r i n e  ecosystems.  B e n th ic  f i l t e r  f e e d e r s  may be  
v e r y  i m p o r t a n t  i n  removing t h e  ses to n  from t h e  w a te r  and 
d e p o s i t i n g  i t  a t  t h e  bottom (S ta n c z y k o w s k a , 1968;i
L v o v a -k a c h a n o v a ,  1 9 7 1 ) .  The biomass and p r o d u c t i o n  o f  
l a c u s t r i n e  benthos  have been d is c u s s e d  in  r e l a t i o n  t o  
p r i m a r y  p r o d u c t i o n  by B ry l  i n s k i  ( 1 9 8 0 ) ,  D a v ie s  <1980) and 
Morgan <1980 ) .  A l though  Jonasson (1972)  d e m o n stra ted  a 
c l e a r  dependance of  Ch ironomid secondary  p r o d u c t i o n  on t h e  
p r i m a r y  p r o d u c t i o n  in  Lake Esrom, t h e  e f f i c i e n c y  o f  en e rg y  
t r a n s f e r  f rom p r im a r y  p r o d u c t io n  t o  t h e  secondary  p r o d u c t i o n  
of  ben thos  v a r i e s  w id e ly  among d i f f e r e n t  l a k e s  (Morgan,  
1 9 8 0 ) .  The mode of  l i f e  of  benthos  g r e a t l y  d i f f e r  between  
t h e  deep ,  s t r a t i f i e d ,  deoxygenated  zone and t h e  s h a l l o w  w e l l  
oxygenated  zone even in  t h e  same l a k e .  The Cinergy t r a n s f e r  
p ro c e s s  from p h y t o p l a n k t o n  t o  ben tho s  th ro u g h  se s to n  and 
sed im ent  i s  q u i t e  complex and somet imes c o n t r o l l e d  by t h e
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e n v i  r o n m e n t a l  f a c t o r s  e s p e c i a l l y  t e m p e r a t u r e  and d i s s o l v e d  
o x y g e n  ( Iwakum a e t  a l  „ , 1984), .
8 . 2  M a t e r i a l s  and Methods b
Sediment  samples were c o l l e c t e d  once a month u s in g  an 
Eckman grab  (sam pl ing  a r e a  *  15«25cms ) -from s t a t i o n  1 and
s t a t i o n  2 ,  f o r  t h e  c o l l e c t i o n  o-f b e n t h i c  o rg an ism s .  The 
samples were c o l l e c t e d  from 10 t o  15m r a d i u s  o-f each s t a t i o n  
so t h a t  t h e  ses to n  samples a r e  no t  a f f e c t e d .  In  an a t t e m p t  
t o  d e t e r m in e  t h e  number o f  grab samples r e q u i r e d  f o r  a 
r e p r e s e n t a t i o n  of  t h e  b e n t h i c  o r g a n is m s ,  10  samples were  
c o l l e c t e d  from e a ch s t  a t  i o n „ The n umb e r  o f  b e n t  hos wer e 
p l o t t e d  a g a i n s t  t h e  number o f  samples and i t  was found t h a t  
5 samples were e n o u g h t  o r  e p r  e s e n t  t  h e b e n t  h i c c o m m u n ;i. t  y . 
The a v e r a g e  c ou nts  o f  5 samples w ere ,  t h e r e f o r e ,  c o n s id e r e d  
f o r  each s t a t i o n  on each sam p l in g  d a t e  f o r  r o u t i n e  
i n v e s t i g a t i o n .  A l l  t h e  samples a t  each s t a t i o n  were  
c o l l e c t e d  s e p a r a t e l y  in  p l a s t i c  b u c k e ts  and c a r r i e d  t o  t h e  
l a b o a r a t o r y .  Each sample was p la c e d  in  a c y l i n d r i c a l  s i e v e  
(mesh s i z e  «* 0.5mms') and s w i r l e d  in  t a p  w a te r  u n t i l  t h e  run  
O f f  w a te r  was c l e a r .  The r e m a in in g  m a t e r i a l  was t r a n s f e r r e d  
i n t o  a s o r t i n g  t r a y .  The b e n t h i c  o rgan ism s were s o r t e d  out  
i m m e d ia t e l y  when t h e y  were a l i v e  because of  g r e a t e r  s o r t i n g  
e f f i c i e n c y .  Each s p e c ie s  o f  ben thos  was c o l l e c t e d  in  
s e p a r a t e  v i a l s .  They were i d e n t i f i e d  a c c o r d in g  t o  C ran s to n
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( ;l.9 8 2 )  and i ' lacan ( 1 9 5 9  ;i 1 9 & 9 ) . The  n u m b e r  o-f i n d i v i d u a l s  
:i i"i e a c h  s p e c i e s  w e r e  n o t e d  and  t h e n  t h e y  w e r e  d r i e d  i n  an 
o v e n  a t  10 0 f>C f o r  2 h o u r s  t o  g e t  a c o n s t a n t  d r y  w e i g h t *  The  
e n e r  g y  c o n t  e n t  o f  t  h e b  e n t  h a s  w  a s  c a 1 c u 1 a t  e d a p p 1 y i  n g a 
c on v e r  s i  on f  ac t  o r  o f  24543« 12 l< J /  g d r  y  w e i  gh t  o f  b e n t  h o s  
which was g i v e n  f o r  Chironomus p 1umosus by Cummins  & 
Wuyc:hec:k ( 1 9 7 1 ) .  Chi ronomus p i umosus was t h e  o n l y  spe c i  es  
of  b en tho s  observed  a t  s t a t i o n  1. A l th o u g h  6 s p e c ie s  o f  
ben tho s  were observed  a t  s t a t i o n  2 ,  Ch ironom id  l a r v a e  
dom inated  d u r in g  t h e  whole  p e r i o d  of  s t u d y .  The e n e rg y  
c o n t e n t  o f  ben thos  s h o u ld ,  t h e r e f o r e ,  be c o n s id e r e d  as an 
a p p r o x im a t io n *
8 . 3 .  R e s u l t s  and D i s c u s s io n  s
8 . 3 . 1 .  S p e c ie s  c o m p o s i t io n  s
The s p e c ie s  c o m p o s i t io n  o f  b en th o s  d i f f e r e d  ; g r e a t l y  
betwen s t a t i o n  1 and s t a t i o n  2 .
In  deep w a te r  a t  s t a t i o n  1 , o n l y  1 s p e c ie s  o f  b e n th o s ,  
Chironomus p 1umosus was observed  d u r in g  t h e  whole  p e r i o d  of  
s t u d y .  Another  s p e c ie s  of  b e n th o s ,  Chaoborus f I a v i c a n s  was 
a l s o  observed  but  i t  was n o t  in c l u d e d  in  t h e  p r e s e n t  s tu d y  
because t h e  s p e c ie s  i s  n o r m a l ly  b e n t h i c  in  d a y t im e  and 
p l a n k t o n i c  a t  n i g h t  and s i n c e  i t  f e e d s  m a in ly  on p l a n k t o n
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(Go I dsp i  n k & S c o t t ,  .1.97:1.), must be c o n s id e r e d  as -far as  
energ y  i n i e r a c t  :i. ons a r e  concerned  , as b e in g  pi  a n k to n i  c .
1 n s h a l l o w  wa t  e r  a t  s t  a t  i o n 2 , s i x spec i e s o f  b e n t  h o s , 
Chi ronomus p 1umosus, Chironomus sp- , P r o d  a d l u s  s p . , 
Pi s i  d i  1.11T1 s p « , Si  a l  i s 1 u t  a r  i a and Si gar  a s p » , were r e c o r d e d  
d u r i n g  t h e  p e r i o d  of  s tu d y  ( T a b l e  8 ),,
The p r o f u n d a l  ben thos  1 i v i n g  in  a s t r u c t u r a 1 1 y 1 ess  
complex h a b i t a t ,  has reduced t h e  d i v e r s i t y  which i s  p r o b a b ly  
due t o  t h e  d e o x y g e n a t io n  t o  which t h e y  a r e  s u b je c t e d  and 
may have l i m i t e d  t h e  d i v e r s i t y  even when t h e  oxygen s u p p ly  
a t  t h e  bot tom i s  abundant -  Moss (1982 )  r e p o r t e d  t h a t  many 
pr o-f undal  com m uni t ies  a r e  dominated by Ch ironom id  l a r v a e  and 
d u r i n g  t h e  summer s t a g n a t i o n  when t h e  sed im ent  s u r f a c e  i s  
co v ered  by a n a e r o b ic  w a t e r ,  t h e  Ch ironom id  fa u n a  i s  even 
reduced  t o  one or  two s p e c ie s  l i k e  Chi ronomus p 1umosus- 
L i t t o r a l  a n im a ls  cannot  s u r v i v e  t h e  low or  even z e r o  oxygen 
c o n c e n t r a t i o n  t h a t  pi  umosus can-  The r e s p i r a t o r y  r a t e s  of  
most o f  t h e  organ ism s f a l l  p r o g r e s s i v e l y  w i t h  d e c l i n i n g  
oxygen c o n c e n t r a t i o n s  of  t h e  w a te r  w h i l e  C pi  umosus remai  ns 
h ig h  and c o n s ta n t  ove r  a w ide  range  of  oxygen  
c o n c e n t r a t i o n s .  Mason (1981 )  r e p o r t e d  t h a t  t h e  haemoglobin  
i n  t h e  b lood o f  Ch ironom ids  a c t s  as a c a r r i e r  m a in ly  when 
t h e  oxygen t e n s i o n  o f  t h e  w a te r  i s  low ,  a t  a time* when t h e  
amount o f  oxygen r e q u i r e d  by t h e  a n im a ls  can not  toe s u p p l i e d
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by  p h y s i c a l  s o l u t i o n , ,  The  m e c h a n is m  of  t h e i r  s u r v i v a l  in  
c o m p l e t e l y  d e o x y g e n a t e d  c o n d i t i o n  i s  s t i l l  n o t  c l e a r ,  
a l t h o u g h  i t  i s  w i d e l y  b e l i e v e d  t h a t  t h e y  s t o r e  enough oxygen  
i n  t h e ! r  haemogIotoi n t o  m a i n t a in  t h e i r  a c t i  i v i  t i  es <Moss, 
1982),.  He a l s o  r e p o r t e d  t h a t  t h e  haemoglob in  t h e y  c o n t a i n  
can o n l y  s t o r e  enough oxygen t o  m a i n t a i n  t h e i r  a c t i v i t i e s  
f o r  a v e r y  s h o r t  t i m e ,  so i t  i s  h i g h l y  u n l i k e l y  t h a t  t h i s  
oxygen i s  enough d u r in g  p ro lo n g e d  d e o x y g e n a t io n  -
A l though  s t a t i o n  2 i s  c o m p a r a t i v e l y  s h a l l o w e r  <5m deep)  
th a n  s t a t i o n  1 ( 1 0 m d e e p ) ,  i t  i s  s t i l l  below t h e  e u p h o t ic  
d e p th .  The b e n t h i c  community a t  s t a t i o n  2 i s  more d i v e r s e  
th a n  s t a t i o n  1 but  i t  i s  much l e s s  th an  t h e  l i t t o r a l  
community where 30 s p e c ie s  o f  ben tho s  were r e c o r d e d  (T a b le  
4 ) .  The l i t t o r a l  a r e a  of  Dubh lochan  i s  g e n e r a l l y  covered  
w i t h  dense beds o f  a q u a t i c  m acrophytes  from l a t e  s p r i n g  t o  
e a r l y  autumn. Moss (1982 )  r e p o r t e d  t h a t  submerged weed beds  
have a r i c h  i n v e r t e b r a t e  fa u n a  and p r o v i d e  co v er  f rom  
p r e d a t o r s .  Below t h e  e u p h o t ic  d e p t h ,  a p p a r e n t ly .  b a r e  
sed im ent  u s u a l l y  h a rb o u rs  a community of  i n v e r t e b r a t e s , l e s s  
d i v e r s e  th an  t h a t  o f  t h e  weed beds and i s  o f t e n  dom inated  by 
Chironomid  l a r v a e .
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Figure 66. Seasonal variations of benthos biomass from March, 1985
to February, 1986. Benthos biomass is expressed as 
2
number/m lake bottom/month.
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8 ,, 3« 2 S e a s o n a 1 ab a n d a a c e o f  i n d :i. v i d u a 1 sp ec :i. es s
Chi ronomus “
The seasona l  abundance o-f Chi ronomus pi  umosus v a r i e d  
g r e a t l y  between t h e  two s t a t i o n s .
In  deep w a te r  a t  s t a t i o n  1 , t o t a l  number o f  C«_ p 1 umosus 
ranged from 400 t o  1240/m2 l a k e  bot tom /m onth  and showed two  
d i s t i n c t  seasona l  pe a k s ,  one i n  A p r i l  and t h e  o t h e r  i n  
November ( F i g .  6 6 )„ I t  i n c r e a s e d  r a p i d l y  f rom March (70 0 /m 2 
l a k e  bo t tom /m onth )  and reached  t o  t h e  h i g h e s t  l e v e l  in  A p r i l  
( 1 2 4 0 / m2 l a k e  b o t to m /m o n th ) .  The p o p u l a t i o n s  d e c l i n e d  
g r a d u a l l y  f rom May and reached  t o  a v e r y  low l e v e l  d u r in g  
August <450 /m 2 l a k e  bo t tom /m onth )  and September  <500/m2 l a k e  
b o t to m /m o n t h >„ I t  in c r e a s e d  s l i g h t l y  in  O ctober  and a r a p i d  
i n c r e a s e  in  November (1170 /m 2 l a k e  b o t tom /m onth )  r e s u l t e d  in  
i t s  second peak.  The p o p u l a t i o n s  d e c l i n e d  s l i g h t l y  in  
December w i t h  a r a p i d  d e c re a s e  d u r in g  J a n u a r y ,  1986 r e s u l t e d  
i n  i t s  lo w e s t  l e v e l  in  F e b ru a r y  (400 /m 2 l a k e  b o t t o m /m o n t h ) .
In  s h a l lo w  w a te r  a t  s t a t i o n  2 ,  C»_ p 1 umosus was p r e s e n t  
i n  sm a l l  numbers <45 t o  59 /m 2  l a k e  b o t tom /m onth )  f rom June  
t o  September ( T a b le  8 ) .
The h i g h e s t  numbers of  C^ pi  umosus d u r in g  A p r i l  and
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h i g h  n u m b e r s  :i. n N o ve m b e r  a t  s t a t i o n  :l, c o u l d  be  r e l a t e d  t o  
t  l ie  :i. r  r  e p r  o d u <::: t  :i. o n d u r  i  n g t  hi e p e r  i  a d s o f  o p t  i m u m 
e n v i r o n m e n t a l  c o n d i t i o n s .  The  h i g h e s t  p e a k  d u r i n g  A p r i l  was 
j u s t  pr i or  t o  p h y t o p  1 a n k ton  b 1 o o m (Fi  g .. 23 )  a nd t h e p e a k i n 
November was j u s t  a f t e r  t h e  autumn o v e r t u r n  w i t h  h i g h  
p o p u l a t i o n s  o f  d ia tom s  ( F i g s .  30 -  34)«  Morgan (1980 )
r e p o r t e d  t h a t  C. piumosus has 1 t o  3 g e n e r a t i o n s  per  y e a r  in
te m p e r a t e  l a k e s  depending on such e c o l o g i c a l  f a c t o r s  as
t e m p e r a t u r e  and food s u p p ly .  In  Dubh Lochan,  i t  seems t h e r e  
were two g e n e r a t i o n s ,  one i n  l a t e  s p r i n g  and t h e  o t h e r  in  
l a t e  autumn.
Low numbers d u r in g  the* e a r l y  summer cou ld  be due t o  t h e  
emergence (n o t  d e te rm in e d  in  t h e  p r e s e n t  s tu d y )  o f  C„
piumosus as t h e y  become a d u l t  and l e a v e  t h e  sed im ent  t o  be 
t e r r e s t r i a l .  The low numbers d u r i n g  August  and September  
c o u ld  foe due t o  t h e  e f f e c t  o f  d e o n y g e n a t io n  of  t h e  s e d im e n t .  
Ve ry  low l e v e l s  d u r in g  J a n u a r y ,  1986 and F e b ru a r y  c o u ld  be 
r e l a t e d  t o  low t e m p e r a t u r e  as w e l l  as t h e  s u p p ly  of  low  
en e rg y  c o n t e n t  d e t r i t u s  ( F i g ,  5 2 ) .
The p rese n ce  of  sm a l l  numbers o f  C. piumosus a t  s t a t i o n  
2 ( T a b l e  8 ) d u r in g  t h e  p e r i o d s  o f  th e rm a l  s t r a t i f i c a t i o n  
(June t o  September)  c o u ld  be due t o  m i g r a t i o n  from t h e  deep 
w a te r  s e d im e n t .
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Ch :i. r  onomus sp „ n
Chiranpii ius s p ,, was p r e s e n t  -from March t o  O ctober  a t  
s t  a t  i on 2 on 1 y T h e popu 1 a t  i on was hi i gh :i. n Mar ch ( 1 7 8 /m-  
1 ake bo11om/ month) , d e c 1 ined  s 1 i g h 1 1y in  A p r i l  < 1 3 3 /nr2 1 ake  
b o t tom /m onth )  and a g ra d u a l  i n c r e a s e  -from May le a d  t o  t h e  
h i g h e s t  l e v e l  in  June <311/nr2 l a k e  bo t tom /m onth) , ,  The
p o p u l a t i o n s  d e c l i n e d  s h a r p l y  in  J u l y  (193 /m r2 l a k e
b o t tom /m onth )  and a g a in  in c r e a s e d  s h a r p l y  in  August ( 2 5 2 /n r2
l a k e  b o t to m /m o n t h ) .  I t  d e c l i n e d  s h a r p l y  th ro u g h  September  
and O cto ber  <59/m2  l a k e  b o t tom /m onth )  and d is a p p e a r e d  in  
November and t h e  s p e c ie s  was abs en t  t i l l  F e b r u a r y ,  1986..
P r o c 1 ad i  us s p » s
Proc 1 a d iu s  sp- was re c o r d e d  -from March t o  O ctober  a t
s t a t i o n  2 o n l y  (T a b le  8 ) « I t  ranged -from 59 t o  459
i n d i v i d u a l s / m ''2 l a k e  bo t tom /m onth -  The p o p u l a t i o n s  rem ained
low d u r i n g  March and A p r i l  (89 t o  KM/m® l a k e  b o t t o m /m o n t h ) ,
i t  i n c r e s e d  t o  t h e  h i g h e s t  l e v e l  in  June (459 /nr -  l a k e  
\
b o t tom /m onth )  and s i m i l a r  l e v e l s  rem ained  up t o  J u l y -  I t  
d e c l i n e d  s h a r p l y  in  August (297 /n r2 l a k e  b o t tom /m onth )  and a 
sharp  d e c l i n e  th rough  September r e s u l t e d  in  i t s  lo w e s t  l e v e l  
i n  October  (59 /n r2 l a k e  bo t tom /m onth )  and d i s a p p e a r e d  by 
November- The s p e c ie s  was abs en t  -from November t o  F e b r u a r y ,  
1986-
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Th e s 0d :i. m0n t  s u r  f  a <::: 0 a t  s t  a t  i  on 2 was a I w a y s  w e l l  
o x y g e n a t e d  and  n e v e r  d r o p p e d  b e l o w  55% s a t u r a t i o n  ( F i g .  6 >„
The r a p i d  i n c r e a s e  o-f t h e  numbers o f  both  Chi ronomus  
s p . , and F r o c l a d i u s s p . ,, in  May cou ld  be r e l a t e d  t o  t h e i r  
r e p r o d u c t i o n  and h igh  l e v e l s  d u r in g  t h e  whole  summer seems 
t o  be r e l a t e d  w i t h  t h e  s u p p ly  of  h ig h  en e rg y  c o n t e n t  a l g a l  
d e t r i t u s  ( F i g .  52)  d u r in g  f a v o u r a b l e  e n v i r o n m e n ta l  
c o n d i t i o n s  e s p e c i a l l y  t e m p e r a t u r e  ( F i g .  4 > . The sharp  
d e c l i n e  in  numbers o f  both  t h e  s p e c ie s  d u r in g  September and 
O cto ber  and t h e i r  absence from November t o  February , ,  1986  
c o u ld  be due t o  t h e i r  emergence as t h e y  become a d u l t  and 
l e a v e  t h e  sed im ent  t o  be t e r r e s t r i a l .
Si  a l i  s 1u t a r i  a a
Si a l i  s 1u t a r i  a was p r e s e n t  th r o u g h o u t  t h e  y e a r  e x c e p t  
i n  J u l y  a t  s t a t i o n  2 o n l y  <Table  8 ) ,  b u t  t h e i r  p o p u l a t i o n  
rem ained  v e r y  low <45 t o  59 /m 22 l a k e  b o t to m /m o n t h ) .
Si g a r a  sp. a
Si g a r a sp. , was p r e s e n t  o n l y  a t  s t a t i o n  2 ( T a b le  8 ) in  
December and J a n u a r y ,  1986 and t h e i r  p o p u l a t i o n  a l s o  
rem ained  v e r y  low (45 /m 22 l a k e  b o t tom /m onth )  » The s p e c ie s
Page 194
c aix 1 d h a v 0 m:i. g r a t e d  i  n f  r o m 1 i  1 1 o r a  1 s i t © s d \.xr  :i. ng v e r y  c o 1 d 
w e a t h e r  when t h e  l i t  t o r  a 3, a r e a  was ' f rozen ,
Pi s i  d i  um s p ,, s
Pi s i  d i  urn sp.  , a t i n y  pea s h e l l  c o c k l e  was observed  f rom  
March t o  September a t  s t a t i o n  2 o n l y  and ranged f rom 89 t o  
371 i n d i v i d u a l s / m 22 l a k e  bot tom /m onth  (T a b le  8 ) .  The 
p o p u l a t i o n  i n c r e a s e d  g r a d u a l l y  f rom  March (89 /m 22 l a k e  
b o t to m /m o n th )  and reached  t o  t h e  h i g h e s t  l e v e l  in  J u l y  
(371 /m22 l a k e  b o11 om/ mon t  h ) .  I t  d e c l i n e d  r a p i d l y  in  Septernber  
(133 /m 22 l a k e  bo t tom /m onth )  and di  sap p ea re d  by O c to b e r .  The 
s p e c ie s  was absen t  f rom O ctober  t o  F e b r u a r y ,  1986.
The r a p i d  i n c r e a s e  i n  t o t a l  numbers of  Pi s i d i  um from  
A p r i l  and h igh  l e v e l s  f rom May t o  August  c o i n c i d e  w i t h  h ig h  
p r o d u c t i o n  o f  p h y t o p la n k t o n  ( F i g .  23)  a t  a t im e  o f  optimum 
e n v i r o n m e n ta l  c o n d i t i o n s .  The absence o f  t h e  s p e c ie s  f rom  
O cto ber  t o  F e b r u a r y ,  1986 c o u ld  be due t o  both  u n f a v o u r a b l e  
e n v i r o n m e n ta l  c o n d i t i o n s  s p e c i a l l y  v e r y  low w i n t e r  
t e m p e r a t u r e  and s h o r t  s u p p ly  o f  fo o d .
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Benthos b i amass
Benthios biomass eapressed  as t o t a  1 numhers/m32 1 ake  
bot tom /m onth  v a r i e d  g r e a t l y  between t h e  two s t a t i o n s .
In  deep w a te r  a t  s t a t i o n  1,  Chironomus piumosus was t h e  
o n l y  s p e c ie s  of  ben thos  observed  d u r i n g  t h e  p r e s e n t  s tu d y  
and t h e  seasona l  p a t t e r n  has a l r e a d y  been d e s c r ib e d  i n  t h e  
p r e v i o u s  s e c t i o n  < 9 . 3 . 2 ) .  The seasona l  v a r i a t i o n s  o f  biomass  
of  a s i n g l e  s p e c ie s  i s ,  t h e r e f o r e ,  compared w i t h  t h e  t o t a l  
number o-f ben thos  observed  a t  s t a t i o n  2 .
In  s h a l lo w  w a te r  a t  s t a t i o n  2 ,  t h e  seasona l  v a r i a t i o n
o-f t o t a l  number o-f ben thos  was v e r y  d i f f e r e n t  f rom s t a t i o n  
1. I t  ranged from 50 t o  i 2 9 0 /m32 l a k e  bot tom /m onth  and showed 
a s i n g l e  summer maximum. T o t a l  number of  ben thos  was low 
(42 0 /m 32 l a k e  bot tom /month )  d u r in g  March and A p r i l ,  i t
i n c r e a s e d  v e r y  r a p i d l y  (1200 /m 32 l a k e  bot tom /month)  in  May 
and reached  t o  t h e  h i g h e s t  l e v e l  (1290 /m 32 l a k e  bot tom
/month)  i n  June.  T o t a l  number o f  ben tho s  d e c l i n e d  g r a d u a l l y  
d u r i n g  J u l y  < 1030/m32 l a k e  bo t tom /m onth )  and August (950 /m 32 
1 ake b a t t o m /m a n t h ) and a r a p i d  d e c l i n e  dur i ng September and 
O ctober  l e a d  t o  t h e  lo w e s t  l e v e l  (60 /m 32 l a k e  bo t tom /m onth )  
i n  November and s i m i l a r  l e v e l s  rem ained  t h r o u g h o u t  t h e  r e s t  
of  t h e  p e r i o d  o f  s tu d y .
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Figure 67. Seasonal variations of benthos biomass from March, 1985
to February, 1986. Benthos biomass is expressed as dry 
2
weight in g/m lake bottom/month.
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Figure 68. Seasonal variations of benthos biomass from March, 1985
to February, 1986. Benthos biomass is expressed in 
5 2KJ x 10 /m lake bottom/month.
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B e n th o s  b io m ass  e s t im a t e d  by d r y  w e i g h t  ( i 10"C f o r  2
h a u r  s ) s h o w e d s i m i  1 a r  p a t 1 e r  n s o f s e a s o n a I v a r  i a t  i o n s (F i g , 
6  7) a s w a s o b s e r  v e d i n t  o t  a 1 n u «■« b e r  s (F :L g „ 6  6 ) 11 a 1 s o
showed two peaks a t  s t a t i o n  :l , one i n  s p r i n g  and t h e  o t h e r  
i n  l a t e  autumn and a s i n g l e  summer peak a t  s t a t i o n  2 »
Benthos biomass ranged f rom 0 . 5 4 g / m S2 l a k e  bo t tom /m onth  
i n  F e b r u a r y ,  1986 t o  l .Bg/m'^ l a k e  bo t tom /m onth  in  May, 1985  
i n  deep w a te r  a t  s t a t i o n  1 and i n  s h a l l o w  w a te r  a t  s t a t i o n  
2 ,  i t  ranged from 0 . 2 4 g / m 2 l a k e  bo t tom /m onth  i n  F e b r u a r y ,  
1986 t o  1 .9 6 g /m :s l a k e  bo t tom /m onth  in  May, 1985.,
Benthos biomass c a l c u l a t e d  in  te rm s  o f  e n e r g y ,  ranged  
f rom 0 , 1 4 7 2 5  x lO^KJ/m32 l a k e  bo t tom /m onth  in  August  t o  
0 . 4 4 7 7  X lO^KJ/m32 l a k e  bo t tom /m onth  in  May in  deep w a te r  a t  
s t a t i o n  1 and from 0 . 0 6 1 3 5  x iQ^KJ/m® l a k e  bo t tom /m onth  in  
F e b r u a r y ,  1986 t o  0 . 4 7 8 5 9  x iC^KJ/m38 l a k e  bot tom /m onth  in  
June ,  1986 in  s h a l lo w  w a te r  a t  s t a t i o n  2 ( F i g .  6 8 ) showing  
s i m i l a r  p a t t e r n s  of  seasona l  v a r i a t i o n s  as was observed  in  
t o t a l  numbers ( F i g .  6 6 ) and d r y  w e ig h t  ( F i g .  67)  d u r i n g  t h e  
w hole  p e r i o d  of s tu d y .
In  deep w a te r  a t  s t a t i o n  1,  t h e  seasona l  peaks of  
ben tho s  biomass n e i t h e r  c o r r e l a t e s  w i t h  p h y to p la n k to n  
biomass nor p r i m a r y  p r o d u c t i o n .  D u r in g  t h e  p e r i o d s  o f  h ig h  
p h y to p la n k to n  biomass and p r i m a r y  p r o d u c t i o n  i n  summer
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months ( June t o  Auguist) b 0 n t h □ s b 10 mass d0 c 1 in e d  n e a r l y  t o  
t h e  l o w e s t  l e v e l  and when b e n t h o s  b io m a s s  r e a c h e d  t o  t h e  
p e a k s  . d u r i n g  s p r i n g  and l a t e  a u tu m n ,  b o th  p h y t o p l a n k t o n  
b i o m ass a n d p r :i. m a r  y p r  o d u c t  i  o n w a s v e r  y 1 o w „ H o w e v e r  , 
ben tho s  biomass showed c l o s e  r e l a t i o n s h i p  w i t h  d ia to m
p r o d u c t i o n  ( F ig s -  3 0  34) a l th o u g h  d ia to m s  c o n s t i t u t e d  a t i n y
• f r a c t i o n  o-f p h y to p la n k to n  b iomass.  Morgan (1980 )  r e p o r t e d  
t h a t  in  p r o f u n d a l  o-f s t r a t i - f i e d  t e m p e r a t e  l a k e s ,  maximum in  
b en tho s  biomass occur  m o s t ly  in  s p r i n g  ( A p r i l  & May) and in  
autumn (O c to b e r )  w h i l e  p h y t o p la n k t o n  and p r i m a r y  p r o d u c t i o n  
re a c h  maximum d u r in g  summer (Moss, 1 9 8 0 ) .  Iwakuma e t  
a l . , ( 1 9 8 4 )  observed  t h a t  - f l u c t u a t i o n s  in  t h e  secondary  
p r o d u c t i o n  o-f Ch ironom ids  was in d e p e n d e n t  o-f - f l u c t u a t i o n s  in  
t h e  p h y t o p la n k to n  abundance.  E n v i ro n m e n ta l  - fa c to r s  such as  
w a te r  t e m p e r a t u r e  and d i s s o l v e d  oxygen c o u ld  be r e s p o n s i b l e  
i n  c o n t r o l l i n g  t h e i r  p r o d u c t i o n .  A l though  Jonasson (1972)  
has dem on stra ted  a c l e a r  dependance o-f Ch ironomid  secondary  
p r o d u c t i o n  on t h e  p r i m a r y  p r o d u c t i o n  i n  l a k e  Esrom, t h e  
e f f i c i e n c y  o f  energy  t r a n s f e r  f rom t h e  p r i m a r y  p r o d u c t i o n  t o  
t h e  secondary  p r o d u c t i o n  o f  ben thos  v a r i e s  w i d e l y  among 
d i f f e r e n t  l a k e s  depending on t h e  t r o p h i c  s t a t u s  and mode of  
l i f e  of  t h e  ben thos  (Morgan,  1 9 8 0 ) .  Benthos biomass showed 
c l o s e  r e l a t i o n s h i p  w i t h  ses ton  biomass from March t o  June 
and O ctober  t o  F e b r u a r y ,  1986.  D u r in g  th e rm a l
s t r a t i f i c a t i o n  and deo xygenated  sed im ent  s u r f a c e  from J u l y  
t o  Septem ber ,  ben thos  biomass d e c l i n e d  t o  a v e r y  low l e v e l
a .11 h o u g h se s t  o n b :i. 0 m a s s w a s v e r  y h i g h :i. n A u g u s t  „ D u r  i n g t h e  
j::) e r :i. 0 d s o f h :i. gh b e n t  hi 0 is; p r  o cl u c t  :i. 0  n in  s p r  i n g a n d a u t  u m n , 
s es to n  o r i  g i n a t e d  ma;i.nly f rom a q u a t i c  m acrophytes  and in  
s u m m e i'" m 0  n t  h s w h 0  n h 0 n t  hi 0  s p r  <::) d u c: t  i o n w a s 10  w , & 0 s 1 0  n
or i g i  n a ted  mai n 3. y f r  orn phytop 1 ank ton  „ Johannsson ^ Beaver  
(1983 )  r e p o r t e d  t h a t  t h e  c o n t r i b u t i o n  of  a l g a e  as a -food 
s o u rc e  t o  t h e  e n e r g e t i c s  o-f Chi r o nomus pi  umosns was sm al l  
and reached  a maximum o-f 15--34X i n  August and September but  
d u r i n g  t h e  r e s t  of  t h e  y e a r  i t  v a r i e d  between 2 and 8 I t  
was suggested  t h a t  d e t r i t u s  w i t h  i t s  a s s o c i a t e d  
m ic ro o rg an ism s  may s u p p ly  t h e  r e m a i n d e r .  Moss (1982)  
i n d i c a t e d  t h a t  b a c t e r i a  and o t h e r  m ic ro o rg an ism s  grown in  
f i n e  s e d im e n t in g  o r g a n ic  m a t t e r  p l a y  an im p o r t a n t  r o l e  in  
t h e  d i e t  o f  Ch ironomid  l a r v a e  w h i l e  o r g a n ic  m a t t e r  a l o n e  can 
not  s u p p o r t  t h e i r  g ro w th .
Benthos biomass a t  s t a t i o n  1 com pr ised  o n l y  C. 
pium osus. In  t h e  p r o f u n d a l  o f  t e m p e r a t e  l a k e s  i t  has  
g e n e r a l l y  1 -3  g e n e r a t i o n s  per  y e a r  (Morgan,  1980) which i s  
governed by body s i  ze and such e c o l o g i c a l  - fa c to r s  as  
t e m p e r a t u r e ,  d i s s o l v e d  oxygen and food s u p p ly  (Morgan,  
1 9 8 0 ) .  In  Dubh Lochan,  i t  seems t h a t  i t  had 2 g e n e r a t i o n s ,  
one i n  A p r i l  and t h e  o t h e r  i n  November. High p r o d u c t i o n  of  
benthos  in  s p r in g  and autumn seems t o  be r e l a t e d  w i t h  
optimum t e m p e r a t u r e  a t  a t im e  when sed im ent  r e c e i v e s  h igh  
q u a n t i t i e s  of  o r g a n ic  s e s to n .  Low p r o d u c t i o n  of  ben thos
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At s t a t i o n  2 ,  ben thos  biomass c l e a r l y  f o l l o w s  
p h y t o p la n k t o n  biomass and p r i m a r y  p r o d u c t i o n  ( re c o r d e d  a t  
s t a t i o n  1 on ly ) , .  Maximum ben thos  p r o d u c t i o n  in  June and 
h ig h  l e v e l  f rom May t o  August  co u ld  be r e l a t e d  t o  h ig h  
t e m p e r a t u r e  and w e l l  oxygenated  sed im ent  s u r f a c e  a t  a t im e  
when sed im ent  r e c e i v e s  h igh  ene rg y  c o n t e n t  o r g a n ic  se s to n  
m a i n ly  f rom t h e  dea th  of  p h y t o p l a n k t o n . The h i g h e s t  
p r o d u c t i o n  o f  ben thos  (June) a t  s t a t i o n  2 d id  no t  d i f f e r  
g r e a t l y  f rom s t a t i o n  1 ( A p r i l ) .  A l th o u g h  s t a t i o n  2 i s  
c o m p a r a t i v e l y  s h a l l o w e r  than  s t a t i o n  1 , i t  i s  s t i l l  beyond 
e u p h o t ic  depth  and t h e  sed im ent  r e c e i v e s  o r g a n ic  m a t t e r  
m a in ly  f rom t h e  sed im er i t ing  s e s to n .
c i  i a p t e : r ...
E N E R G  V F™ L .  O  W
9- 1. G en era l  i
The e n e r g e t i c s  and biomass o-f i n d i v i d u a l  compartments
as w e l l  as seasonal ,  v a r i a t i o n  and t h e  - fa c to r s  which
in - f lu e n c e  them  have been d e a l t  w i t h  s e p e r a t e l y  in  C h a p te r  4
( p h y t o p l a n k t o n )  , C h ap te r  5 (soop'i a n k t o n ) , C h a p te r  6
( s e s t o n ) , C h ap ter  7 (s e d im e n t )  and C h ap te r  8  ( b e n t h o s ) . In  
t h i s  c h a p t e r ,  t h e  d a t a  on en e rg y  -flow -from p r i m a r y  
p r o d u c t i o n  o-f p h y t o p la n k t o n  t o  v a r i o u s  compartments  have  
been com pi led  ( T a b le  9) and d is c u s s e d  on both m onth ly  and
annual  bases.
P r im a r y  p r o d u c t i o n  measurements were made over  a 4 hour  
p e r i o d ,  th e s e  d a t a  were then  c o n v e r te d  t o  m onth ly  v a l u e s ,  
th u s  e n a b l i n g  d i r e c t  comparison w i t h  a l l  o t h e r  c a l o r i - f i c
v a l u e s  which were d e te r m in e d  on a m onth ly  basis . .  Thus t h e
h o u r l y  a v e ra g e  -for t h e  month was m u l t i p l i e d  by t h e  t o t a l  
number o-f d a y l i g h t  hours  -for t h a t  month t o  o b t a i n  t h e
month ly  p r im a r y  p r o d u c t i o n .  Cloud co v er  was not  accounted  
• for ,  t h i s  may r e p r e s e n t  a minor sou rc e  o-f e r r o r .
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1" h e ene  r g e t  i  c s a f z a a p 1 a n k t  a n was not  d e t e  r  mined i n  t h e  
p r  © s © n t  s t  u d y a n cl a 11 t  h © v a 1 u e s  w e r e  c a l  cu l  a t e d  - f r o  m 
( K i a r e r , 1 9 7 8 ) .
9.2. ,  P r im a r y  p r o d u c t i o n  -  Z o o p lan k to n  biomass s
P r im a r y  p r o d u c t i o n  in  F e b ru a r y  and March was v e r y  low  
which was a l s o  r e f l e c t e d  by low z o o p la n k to n  b iomass.  W ith  
i n c r e a s i n g  p r i m a r y  p r o d u c t i o n  i n  A p r i l  < 0 .5 5  x 
lO^KJ/m^/month)  and a v e r y  r a p i d  r i s e  i n  May < 13 .7 6  x 
1 O^KJ/m52/m o n th ) , z o o p la n k to n  biomass reached  t o  t h e
h i g h e s t  l e v e l  <0 .2  x 1 O^KJ/nr-/ month> . P r im a r y
p r o d u c t i o n  i n c r e a s e d  s l i g h t l y  in  June and reached  t o  t h e  
h i g h e s t  1 eve 1 i n  J u l y  <15 .28  x 10 raKJ/ mE/ manth ) b a t
z o o p la n k to n  biomass d e c l i n e d  g r a d u a l l y  t o  0 . 0 8 6  x
lO^KJ/m^/month.  P r im a r y  p r o d u c t i o n  d e c l i n e d  r a p i d l y  in  
August  <4 .28  x lO'^KJ/m^/month > bu t  z o o p la n k to n  biomass
i n c r e a s e d  t o  0 . 1 3  x 10®KJ/mE/m onth .  A l though  p r i m a r y  
p r o d u c t i o n  i n c r e a s e d  in  September and reached  t o  a second  
peak in  October  <12.31 x 1 O^KJ/m3®/month> , z o o p la n k to n  
biomass d e c l i n e d  t o  0 . 0 1 0  x iO*KJ /m =2/m onth .  As p r o d u c t i o n  
l e v e l  d e c l i n e d  s h a r p l y  i n  November and reached  t o  t h e  lo w e s t  
l e v e l  <0 .04  x i 0 * K J / m a /month> in  J a n u a r y ,  1986 ,  z o o p la n k to n  
b i amass a 1 so d e c 1 i n  ed t o  t h  e 1 owest 1 e v e 1 < 0 . 0 0 1 6  x
i 0 esKJ/m3a/month)  .
Page 202
The e f  f  ;i, <:::i  e n c y  o f  e n e r g y  t r a n s f  or mati  on f  rom
p h y t o p i  a n k t u n  t o  z o o p l a n k ton  sh ow ed  g r e a t  seasona l  
v a r i a t i o n s .  I t  r  anged f r o m  0 . 0 8  t o  !5.89%. The  h i g h e s t  l e v e l  
was in  F e b ru a r y  and s l i g h t l y  low e r  l e v e l s  rem ained  up t o  
A p r i l  (5 .15%) when t h e  p r i m a r y  p r o d u c t i o n  was v e r y  low.  The 
e f f i c i e n c y  of  ene rg y  t r a n s f e r  d e c l i n e d  s h a r p l y  i n  M ay<1.45%)  
w i t h  r a p i d  i n c r e a s e  i n  p r i m a r y  p r o d u c t i o n .  I t  d e c l i n e d  
g r a d u a l l y  f rom June (0 .697. )  and reac hed  t o  t h e  lo w e s t  l e v e l  
(0 .08% )  i n  O ctober  e x c e p t  in  August when i t  i n c r e a s e d  t o  
3 .4% .  The e f f i c i e n c y  o f  ene rg y  t r a n s f e r  in c r e a s e d  s l i g h t l y  
i n  November and December (0 .63% )  and a g a in  reached  t o  h igh  
l e v e l  (4 .16% )  i n  J a n u a r y ,  1986.  On an annual  b a s i s ,  energ y  
t r a n s f o r m a t i o n  from p h y t o p la n k t o n  t o  z o o p la n k to n  was o n ly
0 .87% .
On an annual  basis* ,  K l a r e r  (1978 )  r e p o r t e d  3.7% energ y  
t r a n s f o r m a t i o n  from p h y t o p la n k t o n  t o  z o o p la n k to n  in  Dubh 
Lochan which i s  a p p r o x i m a t e l y  4 t im e s  h i g h e r  th a n  t h e  
p r e s e n t  s t u d y .  T h i s  d i f f e r e n c e  c o u ld  be m a in ly  due t o  t h e  
change i n  t h e  s p e c ie s  c o m p o s i t io n  o f  both  p h y t o p la n k t o n  and 
z o o p la n k to n .
Many w orkers  used a r a t i o  of  z o o p la n k to n  biomass t o  
p r i m a r y  p r o d u c t i o n  as a measure o f  u t i l i z a t i o n  of  
p h y to p la n k to n  by z o o p la n k to n  ( e . g .  S l o b o d k in ,  I 9 6 0 ;  
S c h i n d l e r ,  1972;  Winberg e t  a l . ,  1 9 7 2 ) .  K l a r e r  (1978)
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e omp a r ed t he e n e r 9 y t r an s f  or mat  i on f  rom phytop 1 ank ton  t o  
z o o p l a n k t o n  o f  :L3 l a k e s  o-f v a r i o u s  t r o p h i c ;  s t a t u s  -from 
d i f f e r e n t  p a r t s  o-f t h e  w o r l d  and  t h e  e f f i c i e n c i e s  v a r i e d  
■fro m :L „ 67. i  n a n e u t  r  o p h i  c 1 a k e ( Bev  e r  s  o n 1 a k e i  n U ,, S „ A „ ) 1: o 
497. i n  an o l i g o t r o p h i c  l a k e  in  F i n l a n d  ( P a a j a r v i  l a k e ) .  
Jonasson ( 1 9 7 9 )  compared t h e  en e rg y  t r a n s - f o r m a t i on -from 
p h y t o p la n k t o n  t o  z o o p la n k to n  o-f :l 1 n o r t h e r n  t e m p e r a t e  l a k e s  
and t h e  r a t i o  c a l c u l a t e d  v a r i e d  from 0 . 0 3  t o  13 .77 . .  The o n ly  
S c o t t i s h  l a k e  i n c l u d e d  i n  t h e  com parison  was Loch Leven  
where 2 . 6 % o-f t h e  e n e rg y  was t rans- formed -from p h y t o p la n k t o n  
t o  z o o p la n k t o n .  B ry l  i n s k i  <1980) r e v ie w e d  t h e  e f f i c i e n c y  o-f 
ene rg y  t r a n s - f e r  -from p h y to p la n k to n  t o  z o o p la n k to n  o-f- a group  
o-f l a k e s  and -found a mean v a l u e  of  7 . 1 % ,  r a n g in g  -from 0 . 1 0  
t o  27 .4% .  Most o-f t h e  o t h e r  r e p o r t s  suggest  an energ y  
t r a n s f  o rm a t i  on o-f 10 t o  15% -from p h y t o p la n k t o n  t o  
z o o p la n k to n  in  o l i g o t r o p h i c  l a k e s  ( H i l l b r i c h t  I l k o w s k a ,  
1972$ S c h i n d l e r ,  1972$ Pederson e t  a t . ,  1 9 7 6 ) .
The e - f - f ic ien c y  of- en e rg y  t r a n s f e r  f rom p h y to p l  an k ton  t o  
z o o p la n k to n  v a r i e s  w i d e l y  among d i f f e r e n t  l a k e s .  S i g n i f i c a n t  
v a r i a t i o n s  cou ld  a l s o  be observed  in  t h e  same l a k e  in  
d i f f e r e n t  seasons and in  d i f f e r e n t  y e a r s .  S e v e r a l  b i o t i c  and 
a b i o t i c  f a c t o r s  c o u ld  be r e s p o n s i b l e  f o r  such v a r i a t i o n s  in  
n a t u r a l  ecosystems ( B r y l i n s k i ,  1 9 8 0 ) .  P r im a r y  p r o d u c t i o n  may 
i n c r e a s e  as a r e s u l t  of  s u c c e s s fu l  growth  o f  any a l g a l  
s p e c ie s  which may no t  be s u i t a b l e  food f o r  z o o p la n k to n .
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:i e a s a n a l v a r  :l a t  i  a n s o f  a a  a  p 1 a n k t  o n b i  o m a s s 1 a r g e ly  d epe n d o n
p I ' i y s i  c a  1 c : : g n d  ;i. t  i an s  s :i. n <:: @ e g g  d e v e  1 o p0 m e n t  i s t  e m pe ra t  u r  e
dependant  (Moss, 1 9 8 2 ) .
Morgan (1980 )  conc luded  t h a t  t e m p e r a t u r e  and s u f f i c i e n t  
•food o f  s u i t a b l e  q u a l i t y  a r e  t h e  c o n t r o l l i n g  ' f a c t o r s  -for 
z o o p la n k to n  p r o d u c t i o n .
In  t h e  p r e s e n t  s tu d y  p r i m a r y  p r o d u c t i o n  was v e r y  low  
•from J a n u ary  t o  A p r i l  c o m p r is in g  o n l y  2"/« o-f t h e  annual  
p r o d u c t i o n  due t o  low i n c i d e n t  l i g h t  e n e rg y .  The  
p h y t o p la n k t o n  community d u r in g  t h i s  p e r i o d  was dom inated  by 
d ia to m s .  C o m p a r a t i v e ly  h i g h e r  ef-f  i c i  ency o f  en e rg y  
t ra n s - fo r m a t io n  d u r in g  t h i s  p e r i o d  than  t h e  r e s t  o f  t h e  t im e  
co u ld  be due t o  both  s u i t a b i l i t y  of  d ia to m s  as food of  
z o o p la n k to n  and optimum t e m p e r a t u r e  f o r  t h e  growth and 
r e p r o d u c t i o n  of  z o o p la n k t o n .
The h i g h e s t  z o o p la n k to n  biomass was in  May when 
p h y t o p la n k t o n  was dom inated  by P in o b ry o n  d i v e r g e n s  which i s  
a v e r y  good sou rce  o f  food f o r  many s p e c ie s  of  z o o p la n k to n  
(H u tc h in s o n ,  1967j  S c h i n d l e r ,  1 9 7 2 ) .  P r im a r y  p r o d u c t i o n  
l e v e l s  rem ained  h ig h  d u r in g  t h e  whole  summer due t o  
s u c c e s s fu l  growth  of  s e v e r a l  s p e c ie s  o f  g reen  and b l u e  green  
a l g a e  but  t h e  e f f i c i e n c y  o f  en e rg y  t r a n s f e r  was v e r y  low.  
F i f t y  seven p e r c e n t  o f  t h e  annual  p r o d u c t i o n  o c c u r re d  from
J u n e  t o  A u g u s t  and t h e  p h y t o p l a n k t o n  was dom inated  by
Sphaet- o c y s t i  s s c h r o e t e r i  , O o c y s t  i s  s p p . , and Cryptomanas  
s p p ,  Moss <1982) r e p o r t e d  t h a t  v a r i o u s  s p e c i e s  o-f a l g a e  a r e  
a s s i m i l a t e d  by z o o p la n k to n  t o  d i f f e r i n g  e x ten ts . .  Borne o-f 
them pass out  o-f t h e  gut  o-f z o o p la n k to n  a l i v e ,  o t h e r s  dead 
but  o n l y  p a r t l y  d iges ted . ,  Sp haeroc yst. i s  schr o e t e r i H a t h i c k  
c e i l  w a l l e d  a l g a e  embeded in  a g e l a t i n o u s  sh e a th  which
d e c re a s e  t h e  d i g e s t i b i l i t y  o-f t h e  a l g a e  and i n c r e a s e  t h e  
p o s s i b i l i t y  o-f gu t  passage ( P o r t e r ,  1 9 7 5 ) .  P o r t e r  CL 976)  
observed  t h a t  more th an  907- o f  t h e  u n a s s i m i l a t e d  c e l l s  o f  S, 
s c h r o e t e r i  were a l i v e  a - f t e r  gut  passage-  Po c y s t  1 s s p p . ,  have  
a l s o  been r e p o r t e d  t o  be p o o r l y  a s s i m i l a t e d  (Moss, 1 9 8 2 ) .
B lu e  green  a l g a e  a l s o  have a r e p u t a t i o n  -for toeing p o o r l y
a s s i m i l a t e d  food f o r  many s p e c ie s  o f  z o o p la n k to n -  A rno ld  
(1971 )  has shown t h a t  i n d e f i n i t e  m a in te n a n c e  of  Daphni a  
p o p u l a t i o n s  i s  no t  p o s s i b l e  on c e r t a i n  b l u e  green  a l g a l  
s p e c ie s .
In  t h e  p r e s e n t  s t u d y ,  i t  seems l i k e l y  t h a t  low e n e rg y  
t r a n s f e r  f rom p h y to p la n k to n  t o  z o o p la n k to n  c ou ld  be due t o  
poor a s s i m i l a t i o n  o f  t h e  g reen  and b l u e  green  a l g a l  s p e c i e s .
A f t e r  autumn o v e r t u r n ,  p r im a r y  p r o d u c t i o n  i n c r e a s e d  in  
O ctober  but  t h e  e f f i c i e n c y  o f  ene rg y  t r a n s f e r  rem ained  v e r y  
low d u r in g  t h e  whole  autumn. D u r in g  t h i s  p e r i o d ,  
p h y to p la n k to n  was dom inated  by green  f l a g e l l a t e s ,
C r yptomonas s p p . , ,  and  B a t  r  yococcus b r a u n i  i . Low r a t e  of
e r"i e r  g y t  r  a n s f  a r  m a t  :i. o n d u r  i  n g t  h i  s  p e r  i o d c o u I d  a g a in  be 
r e 1 a te d  t o  poor ass i m i 1 a t i on of  t h e  a l g a l  sp ® c ies .
9 .3»  P r im a r y  p r o d u c t i o n  -  Seston p r o d u c t i o n  s
On an annual  b a s is  l e s s  than  1M/. o f  t h e  e n e rg y  was
t r a n s f o r m e d  from p h y t o p la n k t o n  t o  z o o p la n k to n  ( s e c t i o n  9 . 2 ) ,  
t h e  r e s t  may have j o i n e d  t h e  se s to n  a l th o u g h  some may have  
gone d i r e c t l y  t o  o t h e r  secondary  p ro d u c e r s  l i k e  l i t t o r a l  
ben tho s  and f i s h  which i s  beyond t h e  scope o f  t h e  p r e s e n t  
s t u d y .  An amount o f  t h i s  unused en e rg y  f i x e d  d u r in g  p r i m a r y  
p r o d u c t i o n  may go t o  t h e  sed im ent  th ro u g h  ses to n  b u t  some 
may be l o s t  as h e a t  or  in  r e s p i r a t i o n  d u r i n g  t h e
s e d im e n t a t io n  and dea th  and d e c o m p o s i t io n .  D ur ing
d e c o m p o s i t io n  p r o c e s s ,  some o r g a n ic  m a t t e r  may be d i s s o l v e d
i n t o  t h e  w a te r  column and used a g a in  by p h y t o p la n k t o n  in  
t h e  form of  n u t r i e n t s .  F i n e  p a r t i c u l a t e  o r g a n ic  d e t r i t u s  may 
o r i g i n a t e  from both a u to c h th o n o u s  and a l 1ochthonous sou rc es  
and i s  e x t r e m e l y  d i f f i c u l t  t o  i d e n t i f y  t h e  amount  
o r i g i n a t i n g  d i r e c t l y  f rom p h y t o p la n k t o n .  In  t h e  p r e s e n t  
s t u d y ,  no a t te m p t  was made t o  s e p a r a t e  o r g a n ic  m a t t e r  o f  
d i f f e r e n t  o r i g i n  and t h e  ses ton  w i l l  be t r e a t e d  as a w ho le .
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3 e s t an product .:i. an v a r  1 ed g r e a t l  y between upper  <1m
c:l e p t  h ) a n cl 1 o w e r  (9 m cl <■::• p t  h ) 1 r  a p s „
A l though  p h y to p la n k to n  p r o d u c t i o n  was v e r y  low d u r in g  
March and A p r i l  <0 .34  x 1023 t o  0 . 5 5  x iO ^ K J /m ^ /m o n th ) , 
ses to n  p r o d u c t i o n  in  t h e  upper  t r a p  rem ained  h ig h  < 2 .3  x 
10s KJ/m2/month> » W ith  r a p i d  i n c r e a s e  o-f p r i m a r y  p r o d u c t i o n  
i n  May <13 .76  x 10SK J /m ^ /m on th>, s e s to n  biomass i n c r e a s e d  
s l i g h t l y  <4 .2  x 10sKJ/ms /month> and w i t h  p r i m a r y  p r o d u c t i o n  
i n c r e a s i n g  i n  June and t o  t h e  h i g h e s t  l e v e l  i n  J u l y  
<15 .29  x lO^KJ/m2 / m o n t h ) , ses to n  p r o d u c t i o n  i n c r e a s e d  t o  
8 . 9  x 10s5/n r * /m o n th » A l though  p h y t o p la n k t o n  p r o d u c t i o n  
d e c l i n e d  s h a r p l y  in  August ,  se s to n  reached  t o  t h e  h i g h e s t  
peak o-f p r o d u c t i o n  ( 1 0 . 7  x :LO^KJ/m35/m o n th )
P r im a r y  p r o d u c t i o n  i n c r e a s e d  a g a in  in  September <7 .93  x 
10=5KJ/m:2/month)  bu t  ses to n  p r o d u c t i o n  d e c l i n e d  s h a r p l y  <2 .83  
x lO^KJ/m32/month)  and a g a in  in c r e a s e d  <3 .46  X 
lO^KJ/m^/month)  w i t h  i n c r e a s e d  p r i m a r y  p r o d u c t i o n  in  O ctober  
<12 .32  x lO^KJ/m7* /m o n th ) . P r im a r y  p r o d u c t i o n  d e c l i n e d  
r a p i d l y  i n  November <2 .9  x lO^KJ /m ^/m onth ) and reac h ed  t o  
t h e  lo w e s t  l e v e l  in  J a n u a r y ,  1986 ,  ses to n  p r o d u c t i o n  
d e c l i n e d  more s l o w l y  bu t  a l s o  reac hed  t o  t h e  lo w e s t  l e v e l  in  
Jan u a ry  <1 .47  x lO^KJ/m2* /month)  , a l th o u g h  l e v e l s  were  
h i g h e r  than  -for p r i m a r y  p r o d u c t i o n .
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Ses t o n  produc t . : i .  on e x c e e d © d  p r  i  mar y  p r o d u c t i o n  more 
d u r i n g  M a rc h  < >590,, 3 7 ) and A p r i l  < >448.4%) than  a t  any o t h e r  
t im e  in  t h e  p e r i o d  o f  s tu d y .  I t  a l s o  exceeded in  August  
< > 149.7"/») and f  r  o m N o v  e rci b e r  ( > 13» 3 7 7.) t  o J a n u a r  y < > 1 4 2 9 8 7 , )  , 
1986.  However ,  d u r in g  t h e  p e r i o d  o f  h ig h  p r o d u c t i o n  in  May,  
3 0 ’/. o-f t h e  energ y  c h a n n e l l e d  t o  t h e  s e s to n .  I t  i n c r e a s e d  
r a p i d l y  in  June and reached  t o  58.667.  i n  J u l y .  I t  d e c l i n e d  
s h a r p l y  i n  September and reached  t o  28 .057 .  in  O c to b e r .  Thus 
•for t h e  p e r i o d  o f  o v e r t u r n ,  ses to n  exceeded p h y t o p la n k t o n  
p r o d u c t i o n  and f o r  t h e  p e r i o d  of  s t r a t i f i c a t i o n  t h e  r e v e r s e  
was t h e  case  e x c e p t  f o r  August .
In  t h e  bot tom t r a p ,  ses to n  p r o d u c t i o n  d u r i n g  March  
< 4 .48  x lO^KJ/m35/m o n th ) and A p r i l  <6 .05  x 10 1SKJ /m52/  month > 
was c o m p a r a t i v e l y  h i g h e r  than  t h e  upper  t r a p  and was much 
h i g h e r  than  p r i m a r y  p r o d u c t i o n .  W ith  i n c r e a s i n g  p r i m a r y  
p r o d u c t i o n  in  May and June,  ses to n  p r o d u c t i o n  d e c l i n e d  t o  
2 . 6  x lO^KJ/m73/m o n th . I t  i n c r e a s e d  s l i g h t l y  in  J u l y  <3 .78  x 
lO^KJ/m2* /m o n th ) when t h e  p r i m a r y  p r o d u c t i o n  was a t  t h e  
h i g h e s t  l e v e l .  Seston  p r o d u c t i o n  in c r e a s e d  v e r y  r a p i d l y  t o  
t h e  h i g h e s t  l e v e l  <9 .37  x iO^KJ/m72/m o n th ) i n  August a l th o u g h  
p r i m a r y  p r o d u c t i o n  d e c l i n e d  s h a r p l y .  D u r in g  t h e  autumn peak  
of  p r i m a r y  p r o d u c t i o n  i n  O c to b e r ,  ses to n  p r o d u c t i o n  d e c l i n e d  
s h a r p l y  t o  t h e  lo w e s t  l e v e l  <2 .46  x lO^KJ /m ^/m onth>. Seston  
p r o d u c t i o n  i n c r e a s e d  r a p i d l y  i n  November < 5 .82  x 
iOrjKJ/m7Vmonth)  w i t h  r a p i d  d e c l i n e  o f  p r i m a r y  p r o d u c t i o n  and
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h i g h  l e v e l  o-f s e s t o n  (4 » 5  x :l.Os K J / n r -' /m o n th ) rem ained  ‘from  
Dec emto e r  t  a Feto r  ua  r  y , :l. 986 when p r  :i. ma r y  p r  odu e  t  i o n l e v e l  was
mi n im u m .
Seston p r o d u c t i o n  a l s o  exceeded p r i m a r y  p r o d u c t i o n  
d u r i n g  March 0 1 2 . 0 9 % )  and A p r i l  0 9 9 2 . 5 % )  a t  a g r e a t e r  r a t e  
i n  t h e  bot tom t r a p  th a n  in  t h e  upper  t r a p .  I t  exceeded  
p r i m a r y  p r o d u c t i o n  a p p r o x i m a t e l y  11S% i n  August  and 99% in  
November and reached  t o  t h e  h i g h e s t  l e v e l  in  December 
0 1 5 3 8 . 7 7 % )  and t h e  l e v e l  a l s o  rem ained  h ig h  in  Ja n u a ry  
0 4 4 5 % ) ,  1986.  However,  33 .57% o-f t h e  en e rg y  was c h a n n e l l e d  
t o  t h e  ses to n  i n  May, i t  d e c l i n e d  s l i g h t l y  in  June and then  
i n c r e a s e d  t o  36 .16% in  September and a g a in  d e c l i n e d  t o  19% 
i n  O c to b e r .
I n c r e a s e  i n  se s to n  p r o d u c t i o n  i n  t h e  upper t r a p  from  
May t o  J u l y  and t h e  h i g h e s t  l e v e l  in  August  was due t o  t h e  
decomposi t  i  on o-f phy t  op 1 an k t  on wh i eh were caught  i mmed i a t  e l  y 
a - f te r  t h e i r  d e a th .  C o m p a r a t i v e ly  low e r  l e v e l s  o f  s es to n  
p r o d u c t i o n  in  t h e  bot tom t r a p  than  t h e  upper  t r a p  d u r i n g  
June and J u l y  when p r i m a r y  p r o d u c t i o n  l e v e l  was t h e  h i g h e s t ,  
co u ld  be r e l a t e d  w i t h  t h e  s e d i m e n t a t i o n  t im e  o-f dead and 
decomposed p h y to p la n k to n  and consequent  lo s s  o f  en e rg y  in  
t h e  p r o c e s s . Dur i ng t h i  s per  i od th e rm a l  s t r a t  i -f i c a t  i on cau l  d 
a l s o  p l a y  an im p o r t a n t  r o l e  in  d e l a y i n g  t h e  s e d i m e n t a t i o n  of  
ses to n  and p r e v e n t i n g  t h e  r e s u s p e n s io n  o-f o r g a n ic  m a t t e r
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f  r  a 1T1 11" i o s e d :i m e n t  „ A s s e d i  m e r 11 i  n g s e s t  o n r  0 a c !-i 0 d fc h 0 b o 1.1 a m 
t r a p  b y  A u g u s t ,  i t  was re-f 1 e c t e d  b y  t h e  h i g h e s t  l e v e l  o f  
s e s t  □ n bi  omass. "I" h e o r  g a n i c m a t  t  e r d u r  i  n g t  h i  s t  i m e s e e  in s t  o 
be o r i g i n a t e d  m a in ly  f rom p h y t o p l a n k t o n .  The o t h e r  sou rc es  
i  n c 1 u d e i n f  1 o w c a r  r  y i n g a 11 o c h th en  o u s o r  g a n i c m a 11  e r  f  r  o m 
t h e  n e ig h b o u r in g  a r e a  t o  t h e  l a k e .  L i t t o r a l  v e g e t a t i o n  and 
l e a f  l i t t e r  f rom t h e  catchm ent  and r e s u s p e n s io n  of  o r g a n ic  
m a t t e r  f rom t h e  l i t t o r a l  and l i t t o r i  -  p r o f u n d a l  sed im ent  
c o u ld  a l s o  c o n t r i b u t e  s i g n i f i c a n t l y .  I t  i s  e x t r e m e l y  
d i f f i c u l t  t o  q u a n t i f y  t h e  c o n t r i b u t i o n  o f  th e s e  s o u rc es  t o  
t h e  e n e r g e t i c s  of  ses to n  due t o  t h e  complex n a t u r e .  D i r e c t  
r e l a t i o n s h i p  between p h y t o p la n k t o n  p r o d u c t i o n  and ses ton  
biomass i s  common i n  many l a k e s  ( W r i g h t ,  1959j  W e t z e l ,  1 9 7 2 5 
Jonasson e t  a l . , 1974ji Hal l e g r a e f  f , 1 9 7 8 ) .  A l though
p h y to p la n k to n  i s  t h e  dominant  s o u rc e  o f  o r g a n ic  d e t r i t u s  in  
many l a k e s ,  v e r y  few e s t i m a t e s  of  t h e  r a t e  o f  p r o d u c t i o n  of  
d e t r i t u s  f rom a l g a e  a r e  a v a i l a b l e  (S au n d ers ,  1 9 8 0 ) .
H igh ses ton  p r o d u c t i o n  d u r in g  March and A p r i l  which  
g r e a t l y  exceeded p r i m a r y  p r o d u c t i o n ,  c o u ld  be r e l a t e d  w i t h  
t h e  s e d im e n t a t io n  of  o r g a n ic  d e t r i t u s  o r i g i n a t e d  m a i n ly  f rom  
t h e  dea th  and d e c o m p o s i t io n  of  a q u a t i c  macrophytes  d u r i n g  
t h e  p r e v i o u s  w i n t e r .  The l i t t o r a l  a r e a  of  Dubh Lochan have  
dense beds of  both submerged and emergent  v e g e t a t i o n .  As 
autumn proceeds  and t e m p e r a t u r e  d r o p s ,  t h e s e  l i t t o r a l  
m acrophytes  s t a r t  d y in g  and by w i n t e r  most o f  t h e s e
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v e g o t  a 1 i  o n s  cl ;i. e a n cl s  u b s e q u e n 1 1 y c:l e c o m p o s e ci i  n t  h e 1 a k e 
w a t e r . ,  L a r g e r  p a r t i c l e s  s e t t l e  - f i r s t  and t h e  s m a l l e r  
p a r t i c l e s  r e m a i n  i n  s u s p e n s i o n  u n t i l  r e a c h i n q  t h e  d e e p e r  
w a t e r s  (C la y  & Wilhm, 1979)..
The i n f l o w  o-f r a i n  w a te r  d u r i n g  March and A p r i l  was 
v e r y  low and p o s s i b l y  t h e r e f o r e ,  t h e  i n p u t  o f  a l 1ochthonous  
o r g a n ic  m a t t e r  was a l s o  low.  H igh s e s to n  p r o d u c t i o n  d u r i n g  
t h i s  p e r i o d  c o u ld ,  t h e r e f o r e ,  be r e s u l t e d  m a in ly  f rom t h e  
d e a th  and d e c o m p o s i t io n  of  a q u a t i c  m acrophytes  s i n c e  
p r e v i o u s  w i n t e r  and t h e  r e s u s p e n s io n  o f  o r g a n ic  m a t t e r  f rom  
t h e  s e d im e n t .  On m easur ing  t h e  s e s to n  biomass by t r a p s ,  
L a s t e i n  (1983)  r e p o r t e d  t h e  h i g h e s t  v a l u e  o f  t h e  y e a r  in  
A p r i l  nea r  t h e  bo t tom .
At t h e  t i m e  of  autumn o v e r t u r n  ( O c t o b e r ) ,  t h e  
c i r c u l a t i o n  o f  w a te r  and t h e  r e s u s p e n s io n  o f  o r g a n ic  m a t t e r  
f rom t h e  sed im ent  co u ld  be im p o r t a n t  i n  i n c r e a s i n g  ses to n  
biomass.  However ,  d u r i n g  l a t e  autumn and w i n t e r ,  h igh  
q u a n t i t i e s  o f  ses to n  co u ld  o r i g i n a t e  from both  l i t t o r a l  
v e g e t a t i o n s  and a l 1ochthonous sou rc es  as t h e  i n f l o w  of  r a i n  
w a te r  d u r i n g  t h i s  p e r i o d  was a l s o  h i g h .  D u r in g  t h i s  p e r i o d  
l e a f  l i t t e r  c ou ld  a l s o  c o n t r i b u t e  s i g n i f i c a n t l y  i n t o  t h e  
c o m p o s i t io n  o f  s e s to n .
Saunders (1980 )  r e v ie w e d  t h e  r o l e  o f  macrophytes  in  t h e
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p i'" d d u c: t  :i. o n f or  g a n i  c: d e 1 1'- ;i. t  u s i n I a k e e c o s y s1 0  m s a ri d
s li g g 0 b t  0 ci t  li a t  t  '"'10 y  rrt a y p r  o d u c 0 d 0 t  i'" i  t  u s t'. h r  0 u g h o a t  t  h 0 
y e a r  . I He m a j o r  i  n p u t  o f  d ea d  p a r t i c u l a t e  m a t t e r  o c c u r  w i t h  
t h e  changes o-f e n v i r o n m e n ta l  c o n d i t i o n  in  t e m p e r a t e  r e g i o n  
d u r in g  autumn and i s  m a in ly  r e l a t e d  t o  t h e  l i f e  c y c l e  of  t h e  
a q u a t i c  p l a n t s .  I t  was a l s o  con c lu ded  t h a t  in  t h e  l a k e  
eco sys tem s,  t h e  n o n l i v i n g  o r g a n ic  m a t t e r  i s  g r e a t e r  th a n  t h e  
l i v i n g  m a t t e r  by s e v e r a l  o r d e r s  o f  m agn i tude .  S e v e r a l  
w o rk e rs  r e p o r t e d  t h e  dominance of  m a c r o p h y t ic  o r g a n ic  m a t t e r  
i n  t h e  ses to n  in  s h a l l o w  o l i g o t r o p h i c  l a k e s  in  t e m p e r a t e  
r e g i o n  <e. g.  Bodin & Nauwerck,  1968;i Robbie  e t  a l  . , 1972? 
W etze l  & Hough, 1 9 7 3 ) .  W etze l  e t  a l « , ( 1 9 7 2 >  r e p o r t e d  an 
annual  i n p u t  o f  carbon i n  Lawrence l a k e  i n  U . S . A . ,  where  
m acrophytes  c o n t r i b u t e d  more th a n  t w i c e  as much as 
p h y t o p la n k t o n .  However,  t h e  role:- o f  m acrophytes  and t h e i r  
c o m p o s i t io n  in  t h e  se s to n  i s  e x t r e m e l y  v a r i a b l e  depending  
upon t h e  n a t u r e  o f  t h e  l a k e  and t h e  mode of  l i f e  of  
i n d i v i d u a l  s p e c ie s .
The c o n t r i b u t i o n  o f  a l 1ochthonous o r g a n ic  m a t t e r  v a r i e s  
i n  d i f f e r e n t  l a k e s  and may a l s o  v a r y  s i g n i f i c a n t l y  in  a 
p a r t i c u l a r  l a k e  i n  d i f f e r e n t  seasons (Rodhe, 1969? Odum, 
1971? Saunders ,  1 9 8 0 ) .  The i n f o r m a t i o n s  on A l 1ochthonous  
o r g a n ic  m a t t e r  a r e  m o s t ly  q u a l i t a t i v e  because of  
d i f f i c u l t i e s  in  q u a n t i t a t i v e l y  e s t i m a t i n g  a l l  t h e  i n p u t  
r a t e s  a s s o c i a t e d  w i t h  any s i n g l e  w a te r  body. Most
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:i. n v e n t  o r  :i. e s o f a 11. a <:: hi t  h a n o u s i n p u t  t  a w a t  e r  b □ d :i e b a r  ® 
p a r  t  :t. a 1 b e c a u in; a* s <;:• .1 e c t  e d b ou r  c e s h a v e b 0 e n e s t  :L m a t  e d i n t  h e 
•f or m o-f prox imal ,e  i n d i c e s  o-f a r e a  or i n d i c e s  o-f -for t, i 1 i t.y o-f 
t h e  d r a i n a g e  b a s in .  The p r o p o r t i o n  o-f a l  1 ochthonous o r g a n ic  
m a t t e r  t o  t h e  se s to n  in  l a k e  v a r i e s  -from a tew p e r c e n t  in  
t h e  case  o-f most sur- face d r a i n a g e s  t o  more than  90% -for
l i t t e r  - f a l l  (Leach ,  1975? S a u n d ers ,  1 9 8 0 .
I g n o r i n g  t h e  c o n t r i b u t i o n  o-f au to ch th o n o u s  m acropytes  
and a l  1 ochthonous sou rc es  i n  t h e  s e s t o n ,  72% and 77% o-f t h e  
p r i m a r y  p r o d u c t i o n  c h a n n e l l e d  th ro u g h  t h e  upper and low er  
t r a p s  r e s p e c t i v e l y  and u l t i m a t e l y  reac hed  t h e  sediment, ,  High  
s e s to n  biomass a l s o  in  t h e  upper  t r a p  was c o n t r i b u t e d  by 
s e d im e n t in g  p h y t o p la n k t o n  d u r in g  t h e  summer months when t h e  
p r o d u c t i v i t y  l e v e l s  were h i g h .  D u r in g  J u l y  and August
se s to n  biomass was a l s o  in - f lu en ce d  by a l g a l  growth  in .  t h e
ses to n  tu b e s  o-f t h e  upper  t r a p .
9 . 4 .  P r im a r y  p r o d u c t i o n  -  Sediment s
On an annual  b a s i s  approx i mat e l  y 77% o-f t h e  p r i m a r y  
p r o d u c t i o n  o-f p h y t o p la n k t o n  i s  c h a n n e l l e d  th ro u g h  ses to n  and 
j o i n e d  t h e  s e d im e n t .  The e-f-fect o-f t h e  sed im ented  ses to n  
upon t h e  e n e r g e t i c s  o-f sed im ent  w i l l  be d is c u s s e d  i n  t h i s  
s e c t i o n .
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In deep w a te r  a t  s t a t i o n  1 , t h e  energ y  c o n te n t  o-f th e  
sed im ent  was h igh  i n J u l y  <0 ,, 0945 >; iO ^KJ /g )  when th e
p r  i m a r  y p r  o d u e t  i a n w a & a t  i  h e h i g h e s t  I e ve l  , A11 h o u g hi 
p r  i m a r  y p r  o d u c t  :i o n d e c: 1 i n e d s h a r  p 1 y :i. n A u g u s t , t  hi e e n e r  g y 
c o n t e n t  o-f t h e  sed im ent  reached  t o  t h e  h i g h e s t  l e v e l  
( 0 . 1 0 5 4 2  x 10HKJ/g> w i t h  t h e  h i g h e s t  l e v e l  of  sed im ented  
s e s t o n .  W ith  in c r e a s e d  p r i m a r y  p r o d u c t i o n  and r a p i d  d e c l i n e  
o-f se s to n  biomass in  S eptem ber ,  t h e  e n e rg y  c o n t e n t  o-f t h e  
s ed im ent  rem ained  h i g h .  Sediment  e n e r g e t i c s  d e c l i n e d
s l i g h t l y  ( 0 .0 8 6 1  x iO ^K J /g )  w i t h  s e s to n  biomass a l th o u g h  
p r i m a r y  p r o d u c t i o n  i n c r e a s e d  t o  t h e  autumn peak in  O c to b e r .  
C o i n c i d i n g  w i t h  t h e  r a p i d  d e c l i n e  o-f p r i m a r y  p r o d u c t i o n  -from 
November, t h e  e n e rg y  c o n t e n t  o-f t h e  sed im ent  d e c l i n e d  
g r a d u a l l y  t o  t h e  lo w e s t  l e v e l  ( 0 . 0 3 8 8  x iO ^KJ /g )  in  March,  
1986 when ses to n  biomass rem ained  h i g h .  The ene rg y  c o n te n t  
o-f t h e  sed im ent  a g a in  i n c r e a s e d  g r a d u a l l y  -from A p r i l  
( 0 . 0 5 5 0 2  x lO^KJ/g )  t o  June < 0 .0 7 5 6  x lO ^KJ /g )  w i t h  
i n c r e a s i n g  p r i m a r y  p r o d u c t i o n  a l th o u g h  se s to n  biomass showed 
a d e c l i n i n g  te n d e n c y .
At s t a t i o n  2 ,  t h e  ene rg y  c o n t e n t  o-f t h e  sed im ent  showed 
s i m i l a r  p a t t e r n s  o f  seasona l  v a r i a t i o n s  w i t h  p r i m a r y  
p r o d u c t i o n  as was observed  a t  s t a t i o n  1 bu t  on an a v e r a g e
t h e  v a l u e s  were 25"/. low e r  than  a t  s t a t i o n  1.
The ene rg y  c o n t e n t  per  u n i t  o f  sed im ent  a t  both  t h e
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531 ai. :i. on s sh a wed c 1 o s e  r  eII. a t  :i. on w i  t  h t  h e en e r g y  c: on 1 ©n t  p 0 r  
u n i t  o-f s e s t o n  a t  9m d e p t h  b u t  t h e  s e d i m e n t  e n e r g y  w e r e  
a lw a ys  lower  than  ses to n  e n e rg y -
In  deep w a te r  a t  s t a t i o n  1,  t h e  e n e rg y  c o n t e n t  per  gram 
o-f sed im ent  was a t  t h e  h i g h e s t  l e v e l  -from J u l y  t o  September  
< 0-0945  x 10s t o  0 - 1 0 5 4 2  x lO ^ K J /g )  when t h e  e n e rg y  c o n t e n t  
per  gram of  ses ton  was a l s o  a t  t h e  h i g h e s t  l e v e l  <0 -126  x 
10*  t o  0 . 1 3 9 8 6  x 1 0 * K J /g > .  W ith  r a p i d  d e c l i n e  o-f ses to n  
e n e rg y  i n  O ctober  <0 -0945  x 10*KJ/g> , en e rg y  c o n t e n t  o-f t h e  
sed im ent  d e c l i n e d  r a p i d l y  <0 -086  x 1 0 * K J / g ) .  Sediment energ y  
d e c l i n e d  g r a d u a l l y  -from November < 0 -0735  x 10?5K J /g )  and 
reached  t o  t h e  lo w e s t  l e v e l  in  J a n u a ry  <0 -0512  x 10‘3 K J / g > ? 
1986 due t o  g ra d u a l  d e c l i n e  o-f t h e  en e rg y  c o n t e n t  per  gram 
o-f s e s to n .  The lo w e s t  l e v e l  o-f en e rg y  in  t h e  ses to n  d u r in g  
F e b ru a r y  <0 .0735  x i0 * K J /g >  and March ( 0 . 0 8 0 2 2  x 1 0 *K J /g )  
was a l s o  r e - f l e c t e d  i n  t h e  ene rg y  c o n t e n t  o-f t h e  sed im ent  
<0 .0525  x 10s t o  0 . 0 5 4 6  x 1 0 * K J / g > . W ith  i n c r e a s i n g  e n e rg y  
c o n t e n t  o-f ses to n  -from A p r i l  t o  June < 0 .0 9 0 3 0 .x  10*  t o  
G . 1 0 * K J / g ) ,  t h e  en e rg y  c o n t e n t  o-f t h e  sed im ent  a l s o  
i n c r e a s e d  and a g a in  reached  t o  h ig h  l e v e l  in  June <0-0756  x 
10»KJ/g> .
At s t a t i o n  2 ,  t h e  ene rg y  c o n t e n t  per  u n i t  o-f sed im ent  
a l s o  showed c l o s e  r e l a t i o n s h i p  w i t h  t h e  e n e rg y  c o n t e n t  per  
u n i t  o-f s e s to n .  I t  ranged -from 0 . 0 7 2 0 2  x 10 *K J /g  in  August
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t o  0.. 0 3 8 9  x 10“5K J / g  i n  F e b r u a r y , :l. 986.. The  e n e r g y  c o n t e n t  
o f  s e d i m e n t  showed  s i m i l a r  p a t t e r n s  o-f s e a s o n a l  v a r i  a t  i o n s  
as was observed  a t  s t a t i o n  1 bu t  t h e  l e v e l s  were a lw a ys  
lo w e r  p a r t i c u l a r l y  d u r in g  t h e  p e r i o d s  o f  h y p o l i m n e t i c  a n o x ia  
a t  s t a t i o n  1 .
C o m p a r a t i v e ly  h i g h e r  l e v e l s  o-f e n e rg y  in  t h e  sed im ent  
a t  s t a t i o n  1 than  s t a t i o n  2  d u r in g  t h e  whole  p e r i o d  o f  s tu d y  
co u ld  be r e l a t e d  t o  t h e  d i - fT e re n c e s  i n  t h e  s u p p ly  o-f o r g a n ic  
and m in e r a l  m a t t e r ,  d e c o m p o s i t io n  p ro c e s s  under  a e r o b i c  and 
a n a e r o b ic  c o n d i t i o n s  and t h e  consumption o-f o r g a n ic  m a t te r  
by t h e  b e n t h i c  o rgan ism s.
The a b s o l u t e  amount o-f o r g a n ic  m a t t e r  in  t h e  deep w a te r  
sed im ent  a t  s t a t i o n  1 was a lw a ys  h i g h e r  than  in  s h a l lo w  
w a te r  a t  s t a t i o n  2 <Fig» 6 5 ) .  The r e l a t i v e  amount o-f o r g a n ic  
m a t t e r  w i t h  r e s p e c t  t o  m in e r a l  m a t t e r  w i l l  a l s o  be h i g h e r  in  
t h e  deep w a te r  sed im ent  because t h e  sed im ent  i n  shal- low  
w a te r  r e c e i v e s  more m in e r a l  p a r t i c l e s  -from t h e  edge o f  t h e  
l a k e .
The decay under a n a e r o b ic  c o n d i t i o n  which occur  -from 
l a t e  J u l y  t o  September in  t h e  sed im ent  a t  s t a t i o n  1,  i s  
s lo w e r  than  under  a e r o b i c  c o n d i t i o n  which a lw a ys  occur  a t  
s t a t i o n  2  a t  l e a s t  -for t h e  more m o b i le  m a t t e r .
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I n h a 11 o w w a t  e i'" a t  s t  a 1 1 o n 2 , I::) e n t  In o is b i o m a s s w a s
e: o in p a r  a 1 i v in 1 y In ;i. g In e r t  In a in s t  a t  ;i, o in 1 f  r  o m !v! a r  c: In t  a S e p t  e in b e r  , 
t  h e r  e f  a r e ,  t  in e c a n s u m p t  ;L a in of  o rg a  in ic (natter" w i l l  be b ig  h e r  
which would le a d  t o  a l o w e r i n g  o-f t h e  en e rg y  c o n t e n t  o-f t h e  
sed im ent  in  t h a t  p e r i o d .
The sed im ent  s u r f a c e  a t  s t a t i o n  1 was c o m p l e t e l y  
deoxygenated  -from mid J u l y  t o  l a t e  September where as a t
s t a t i o n  2 , i t  rem a ined  w e l l  o x y g e n a te d ,  w i t h  s a t u r a t i o n
n e v e r  d ro p p in g  below 55*/..
The r a p i d  i n c r e a s e  o-f p r i m a r y  p r o d u c t i o n  f rom l a t e  
s p r i n g  t o  mid summer was no t  r e f l e c t e d  i n  t h e  en e rg y  c o n te n t  
of  t h e  s e d im e n t ,  i n s t e a d  t h e  h i g h e s t  l e v e l  of  sed im ent
e n e rg y  was observed  in  August and September  when p r im a r y
p r o d u c t i o n  d e c l i n e d  s h a r p l y .  T h i s  r e l a t i o n s h i p  was p r o b a b ly  
due t o  t h e  d e l a y  in  t h e  s e d i m e n t a t i o n  p ro ce ss  of  
p h y to p la n k to n  f rom t h e  upper  l a y e r  t o  t h e  bot tom o f  l a k e .  
The h i g h e s t  l e v e l  o f  ene rg y  c o n t e n t  o f  t h e  sed im ent  d u r in g  
August and September co u ld  be due t o  t h e  e f f e c t  o f  th e rm a l  
s t r  a t  i f  i c a t  i o n , p r e v e n t  i ng mi x i ng and r e s u s p e n s io n  of  
o r g a n ic  m a t t e r  f rom t h e  s e d im e n t .  C o m p a r a t i v e ly  low er  l e v e l s  
of  ene rg y  c o n te n t  o f  t h e  sed im ent  d u r i n g  e a r l y  autumn than  
i n  t h e  summer c o u ld  be due t o  t h e  e f f e c t  of  c i r c u l a t i o n  and 
r e s u s p e n s io n  o f  o r g a n ic  m a t t e r  and d e p o s i t i o n  o f  m in e r a l  
p a r t i c l e s  i n  t h e  s e d im e n t .  Low e n e rg y  c o n te n t  of  t h e
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sedi  ment d u r in g  the  iv in tu r  co u ld  si  ed be r e l a t e d  t o  
c o n t i n u o u s  r e s u s p e n s i  on and d e p o s i  t. i o n  of m in e r a l  p a r t i c l e s  
1 ead i  ng t o  a l e s s  o r g a n i c  s e d i m e n t *  D u r i n g  l a t e  autumn arid 
w i n t e r  p r i m a r y  p r o d u c t i o n  was v e r y  law but  t h e  energ y  
c o n t e n t  o f  t h e  sed im ent  d i d  no t  d e c l i n e  a t  a s i m i l a r  r a t e  
because t h e  sed im ent  r e c e i v e d  o r g a n i c  m a t t e r  f rom o t h e r  
a u to ch th o n o u s  as w e l l  as a l 1ochthonous s o u rc e s .  D u r in g  t h e  
p r e s e n t  s tu d y  n e i t h e r  t h e  r a t e  o f  s e d im e n t a t io n  of  
p h y t o p la n k t o n  nor  t h e  c o n t r i b u t i o n  o f  o t h e r  sou rc es  of  
organic:  m a t t e r  t o  t h e  sed im ent  was d e te r m in e d *  I t  i s ,
t h e r e f o r e ,  d i f f i c u l t  t o  examine p r o p e r l y  t h e  r e l a t i o n s h i p  
between p r i m a r y  p r o d u c t i o n  and t h e  en e rg y  c o n t e n t  o f  t h e  
s e d im e n t .  However ,  t h e  ene rg y  c o n t e n t  o f  t h e  s e d i m e n t  was 
h ig h  d u r in g  h igh  p r i m a r y  p r o d u c t i o n  in  summer and d e c l i n e d  
d u r in g  autumn and w i n t e r  w i t h  d e c l i n i n g  p r i m a r y  p r o d u c t i o n .
A l though  t o t a l  session biomass was c o m p a r a t i v e l y  low er  
d u r in g  t h e  summer months th an  t h e  r e s t  of  t h e  p e r i o d  e x c e p t  
t h e  h i g h e s t  l e v e l  i n  August ,  energ y  c o n te n t  per  u n i t  o f  
sed im ent  rem ained  h i g h .  C o m p a r a t i v e ly  h i g h e r  en e rg y  c o n te n t  
o f  t h e  sed im ent  d u r i n g  summer than  t h e  r e s t  o f  t h e  p e r i o d  
c o u ld  be due t o  t h e  i n c r e a s e  in  a b s o l u t e  amount of  o r g a n ic  
m a t t e r  in  t h e  sed im ent  ( F i g .  6 5 ) .  The h ig h  en e rg y  c o n t e n t  of  
t h e  sed im ent  d u r i n g  t h i s  p e r i o d  c o u ld  be due t o  h igh  
c o n t r i b u t i o n  of  p h y t o p la n k t o n  i n  t h e  se s to n  as t h e  energ y  
c o n t e n t  per  u n i t  o f  ses to n  was much h i g h e r  th an  t h e  r e s t  o f
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th e  p e r  :i. o d « S t o r r  e t  a l  « , ( 1 9 8 4 )  r e p o r t e d  t h a t  t h e  e n e r g y
c o n t  e n t  a f  t  h e s a d :i. m e n t  :i. n 1 a k e E r  i  e r  e a c h e d t. a t  h e h i g h e s t  
l e v e l  in  J u l y  w i t h  maximum r a t e  o f  p 1 a nkton  r a i  n o u t« 
A l though  t o t a l  ses to n  biomass rem ained  h ig h  -from November t o  
A p r i l ,  t h e  ene rg y  c o n te n t  per  u n i t  o-f sed im ent  d e c l i n e d  t o  
v e r y  low l e v e l .  T h i s  d e c l i n e  was p r o b a b ly  due t o  low energ y  
c o n t e n t  per  u n i t  o-f ses to n  which o r i g i n a t e d  m a in ly  -from t h e  
d e a th  and d e c o m p o s i t io n  o-f a q u a t i c  m acrophytes  as w e l l  as  
a l  1 ochthonous s o u rc e s .  Gorham & Sanger  <196'7> examined t h e  
ene rg y  c o n t e n t  o-f t h e  sed im ent  o-f d i f f e r e n t  t y p e s  o f  l a k e s  
as w e l l  as t h e  so u rc e  m a t e r i a l s .  They conc luded  t h a t  t h e  
s o u rc e  m a t e r i a l  dom inated  by p h y t o p la n k t o n  had much h i g h e r  
energ y  c o n t e n t  th a n  t h e  a q u a t i c  m acroph ytes .
9 . 5 .  P r im a r y  p r o d u c t i o n  •- Benthos biomass s
I t  was seen i n  t h e  p r e v i o u s  s e c t i o n s  t h a t  77% o f  t h e
e n e rg y  f rom p r i m a r y  p r o d u c t i o n  c h a n n e l l e d  th ro u g h  s es to n  t o  
t h e  s e d im e n t .  The seasona l  v a r i a t i o n s  o f  sed im ent  ene rg y
were g e n e r a l l y  i n f l u e n c e d  by t h e  ene rg y  c o n t e n t  o f  s e s to n .  
The e f f e c t  of  seasona l  v a r i a t i o n s  of  sed im ent  en e rg y  upon 
t h e  ben thos  e n e r g e t i c s  w i l l  be d is c u s s e d  in  t h i s  s e c t i o n .
The c a l c u l a t i o n s  o f  t h e  e f f i c i e n c y  of  ene rg y  t r a n s f e r  
f rom p h y t o p la n k to n  t o  ben tho s  i s  no t  c o r r e c t  in  s t r i c t  sense  
because b e n t h i c  o rgan ism s f e e d  m a in ly  on d e t r i t u s  bu t  no t  on
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i. :i, v i ng fj l"iy t  o p ,!, an k t  on .• D e t r:i. V.-. u.s o r i  cp, r s<V:\ iv. 0 { ro in  b o t  h 
a n  I", o c I *  11 1 "1 q n  au s a n  d a 1  I oc h  I : . h  o n  a u i s >  s a u r  c e s a n  d i  s e t  r  0 m e  1  y 
di  -f -f i cu 1 1 t o  quant  i -f y t.he c o n t r  i bu t  i dn o-f each sdnrce» In  
add i t  i on , t: h e p rob 1 em in  t  h e p r  0 sen t  s t  ud y i 0 t  h a t  t  h 0 d a t  a 
on ben thos  biomass i s  used t o  c a l c u l a t e  t h e  e f f i c i e n c y  o-f 
en e rg y  t rans- f  o rm a t io n  -from p h y t o p la n k t o n  and ses ton  
p r o d u c t i o n  which i s  a g a in  no t  c o r r e c t  i n  s t r i c t  sense*  
However,  an a t te m p t  i s  made in  t h e  p r e s e n t  s tu d y  t o  
c a l c u l a t e  t h e  e-f -f i c i  ency o-f en e rg y  t rans - f  o r  mat i  on -from 
p h y t o p la n k t o n  t o  ben tho s  t o  assess t h e  seasona l  p a t t e r n s  o-f 
e n e rg y  -f 1 ow.
The seasona l  v a r i a t i o n s  o-f ben tho s  biomass g r e a t l y  
di- f - fered between t h e  two s t a t i o n s  ( T a b l e  9) .
In  deep w a te r  a t  s t a t i o n  i ,  b en tho s  biomass was h igh  
d u r i n g  March ( 0 . 2 6 9  x lO^KJ/mS/month)  and A p r i l  (0 .3 9 3 -  x 
10®KJ/mrs/m o n th > when p r i m a r y  p r o d u c t i o n  was v e r y  low.  D u r in g  
t h i s  p e r i o d  ses ton  biomass was - f a i r l y  h ig h  but  t h e  ene rg y  
c o n t e n t  per  gram o-f both  ses ton  and sed im ent  were low.  W ith  
r a p i d  i n c r e a s e  o-f p r i m a r y  p r o d u c t i o n  in  May, ben thos  biomass  
reached  t o  i t s  - f i r s t  peak < 0 .442  x iO ’^ KJ/nrVmonth)  when 
ses to n  biomass was s t i l l  h ig h  and t h e  e n e rg y  c o n t e n t  per  
gram o-f both  s es to n  and sed im ent  in c r e a s e d  s l i g h t l y .  Benthos  
biomass d e c l i n e d  s l i g h t l y  in  June <0 .368  x i 0 * K J /m a /m o n th > 
w i t h  i n c r e a s i n g  p r i m a r y  p r o d u c t i o n .  D u r in g  t h i s  p e r i o d
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ses to n  biomass d e c l i n e d  . s h a r p l y  b u t  t h e  energ y  c o n t e n t  per  
g r  a m o f  b o t  h ses to n  a n cl s e d i m e n t  i n c r e a s e d  r a p i d l y *  P r  i m a r  y 
p r  od uc t  i on r  e ac h e d t  o t  h e h i g h e s t  1 e ve 1 i n J u 1 y b u t  b en t  h o s 
biomass d e c l i n e d  s h a r p l y  <0*221 x 10‘3KJ/m 'V month) a l th o u g h  
t h e  e n e rg y  c o n t e n t  o-f both  se s to n  and sed im ent  rem ained  
h ig h *  Benthos biomass d e c l i n e d  t o  v e r y  low l e v e l  in  August  
w i t h  r a p i d  d e c l i n e  o-f p r i m a r y  p r o d u c t i o n  bu t  ses ton  biomass  
and t h e  energy  c o n t e n t  per  gram o-f bo th  ses to n  and sed im ent  
reac h ed  t o  t h e  h i g h e s t  l e v e l .  W ith  i n c r e a s i n g  p r i m a r y  
p r o d u c t i o n  and h ig h  e n e rg y  c o n t e n t  o-f ses to n  and s e d im e n t ,  
ben tho s  biomass rem ained  low < 0 .172  x 10sKJ/m"2/m o n th > in  
September ,  I t  i n c r e a s e d  s h a r p l y  in  O ctober  when p r i m a r y  
p r o d u c t i o n  in c r e a s e d  t o  t h e  second maximum but  ses ton  
biomass and t h e  en e rg y  c o n t e n t  o f  bo th  ses to n  and sed im ent  
was d e c l i n i n g .  Seston biomass in c r e a s e d  t o  t h e  second peak 
i n  November <0 .427  x iO^KJ/nrVmonth)  and h igh  l e v e l  rem ained  
i n  December w i t h  h ig h  se s to n  biomass a l th o u g h  p r i m a r y  
p r o d u c t i o n  and t h e  ene rg y  c o n t e n t  o f  both ses to n  and 
sed im ent  d e c l i n e d  t o  v e r y  low l e v e l .  Rapid  d e c l i n e  o-f ses ton  
biomass in  J a n u a r y ,  1986 <0.221 x 10ssKJ/m3Vmonth)  and t h e  
lo w e s t  l e v e l  in  F e b r u a r y  <0 .135  x lO^KJ/nrV  month) was 
accompanied by t h e  lo w e s t  l e v e l  o-f p r i m a r y  p r o d u c t ! o n  and 
t h e  e n e rg y  c o n te n t  o f  t h e  sed im ent  a l th o u g h  t o t a l  s e s to n  
biomass rem ained  h ig h .
At s t a t i o n  2 ,  ben thos  biomass showed c l o s e  r e l a t i o n s h i p
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w i t h  p r i m a r y  p r o d u c t i o n  and t h e  sea sona l  p a t t e r n  was q u i t ©  
d i f f e r e n t  f rom s t a t i o n  1. Low l e v e l  o f  ses to n  biomass in  
March < 0 .172  x 10®KJ /m32/  month > and A p r i l  < 0 .184  x
lO^KJ/m33/ m o n th ) was p r o b a b ly  due t o  low p r i m a r y  p r o d u c t i o n .  
Rapid  i n c r e a s e  o f  b en tho s  biomass in  May < 0 .454  x
lO^KJ/m^/month)  and h ig h  l e v e l  up t o  August <0.331 x
10sKJ/ms /month)  c o i n c i d e s  w i t h  t h e  seasona l  p a t t e r n s  of
p r i m a r y  p r o d u c t i o n .  I t  d e c l i n e d  s h a r p l y  in  September  and 
rea c h e d  t o  v e r y  low l e v e l  i n  November < 0 .074  x
lO^KJ/m22/month)  and a g a in  i n c r e a s e d  s l i g h t l y  in  December and 
Jan u a ry  < 0 .093  x 10=KJ/m2 /month> a f t e r  t h e  autumn peak o f  
p r i m a r y  p r o d u c t i o n .  W ith  v e r y  low l e v e l  of  p r i m a r y  
p r o d u c t i o n  from December t o  F e b r u a r y ,  1986 ,  ben thos  biomass  
d e c l i n e d  r a p i d l y  and reached  t o  t h e  lo w e s t  l e v e l  <0.061 x 
lO^KJ/m®/month) i n  F e b r u a r y ,  1986.
The e f f i c i e n c y  of  e n e rg y  t rans - f  o r m a t i  on from
p h y to p la n k to n  t o  ben tho s  showed g r e a t  seasona l  v a r i a t i o n s .  
The e f f i c i e n c y  a l s o  v a r i e d  g r e a t l y  between t h e  two s t a t i o n s  
< Tab1e 9 >.
At s t a t i o n  1,  t h e  e f f i c i e n c y  o f  ene rg y  t r a n s f o r m a t i o n  
f rom p h y to p la n k to n  t o  ben tho s  ranged f rom 1 . 4 4  t o  550"/.. The 
e f f i c i e n c y  was h ig h  <78.837.)  i n  F e b r u a r y  and then  d e c l i n e d  
s l i g h t l y  in  March <70 .917 . ) .  I t  d e c l i n e d  v e r y  r a p i d l y  in  May 
<3.217.) and th en  a g r a d u a l  d e c l i n e  le a d  t o  t h e  lo w e s t  l e v e l
(
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in  J u l y  when t h e  l a k e  was t h e r m a l l y  s t r a t i f i e d  and t h e  
sed im ent  s u r f a c e  was c o m p l e t e l y  deoxygenated  ( F i g .  5 ) .  The 
e f  f  i c i  ency i ncreased  s i  i ght  1 y <3. 407,) i n August and then  
d ec re ased  g r a d u a l l y  t o  2,097. in  O c to b e r .  I t  i n c r e a s e d  v e r y  
r a p i d l y  f rom  November < 14 .3 7 )  and re ac h ed  t o  t h e  h i g h e s t  
l e v e l  <550.277.)  i n  J a n u a r y ,  1986.
At s t a t i o n  2 ,  t h e  e f f i c i e n c y  of  en e rg y  t r a n s f o r m a t i o n  
f rom p h y t o p la n k t o n  t o  b en tho s  ranged f rom  1 . 1 9  t o  2 .327 , .  The 
e f f i c i e n c y  was a l s o  h ig h  <50.167.)  i n  March and th en  d e c l i n e d  
s l i g h t l y  in  A p r i l  <33 .247 . ) .  I t  d e c l i n e d  r a p i d l y  t o  3 .297.  in  
May and th e n  d e c l i n e d  g r a d u a l l y  t o  2,497. in  J u l y ,  The 
e f f i c i e n c y  a g a in  in c r e a s e d  t o  7.737, in  August and then  
d e c l i n e d  g r a d u a l l y  t o  t h e  lo w e s t  l e v e l  CL, 197.) i n  O c to b e r .  
I t  i n c r e a s e d  s l i g h t l y  in  November <2.527.) and then  a r a p i d  
i n c r e a s e  th ro u g h  December l e a d  t o  t h e  h i g h e s t  l e v e l  
<232.337.)  i n  J a n u a r y ,  1986.
On an annual  b a s i s ,  74.227. and 33.757.  o f  t h e  ene rg y  
were t r a n s f o r m e d  f rom p h y t o p la n k t o n  t o  ben thos  a t  s t a t i o n  1 
and s t a t i o n  2 r e s p e c t i v e l y .
Many w o rkers  used a r a t i o  o f  ben tho s  biomass t o  p r i m a r y  
p r o d u c t i o n  t o  e v a l u a t e  t h e  e f f i c i e n c y  o f  energ y  
t r a n s f o r m a t i o n  i n  n a t u r a l  com m uni t ies  <e»g. Iwakuma e t  a l , ,  
1'9841 K a jak  & Rybak,  1966j  Jonasson ,  1 9 7 9 ) .  B la z k a  e t
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a l » , ( 1 9 8 0 )  d iscu s sed  t h e  e f  f i c i e n c y  o f  secondary  p r o d u c t i o n  
a n d c o n c 1 u d e d t  h a t  t  hi e s e p e r  a t e  1 i s t  i n g o f  e f  f  i o i e n c: i e s o f  
z o o p la n k to n  and ben thos  r e s p e c t i v e l y  i s  not  s t r i c t l y  c o r r e c t  
a s t  h e s e t  w o c o m p o n e n t  s a r  e n o t  i n d e p e n d e n t  o f  o n e a n o t  h e r  
and some o t h e r  p a r a m e te r s  d e t e r m in e  t h e  p a r t i t i o n i n g  of  
p r i m a r y  p r o d u c t i o n  between them. However ,  Jonasson <1979)  
compared t h e  e f f i c i e n c i e s  of  en e rg y  t r a n s f o r m a t i o n  from  
p h y t o p la n k t o n  t o  ben thos  o f  11 t e m p e r a t e  n o r t h e r n  l a k e s  and 
t h e  r a t i o s  c a l c u l a t e d  ranged from 0 . 7 7  t o  6 .3%.  B r y l  i n s k i  
<1980) r e v ie w e d  t h e  l i t e r a t u r e  on t h e  e f f i c i e n c y  o f  ene rg y  
t r a n s f o r m a t i o n  from p h y t o p la n k t o n  t o  ben thos  and r e p o r t e d  
v a l u e s  between 0 . 1 6  and 11.1%.
In  t h e  p r e s e n t  s t u d y ,  t h e  e f f i c i e n c y  of  energ y  
t r a n s f o r m a t i o n  from p h y t o p la n k t o n  t o  ben tho s  v a r i e d  between  
1 .1 9  & 7 .73% d u r i n g  most o f  t h e  t i m e  e x c e p t  two u n u s u a l l y  
h ig h  v a l u e s  d u r in g  March and A p r i l  and in  December and 
J a n u a r y ,  1986 when t h e y  exceeded p r im a r y  p r o d u c t i o n  
r e s u l t i n g  v e r y  h ig h  e f f i c i e n c y  on an annual  b a s i s .  These  
u n u s u a l l y  h igh  v a l u e s  were due t o  v e r y  low p r i m a r y  
p r o d u c t i o n  in  comparison w i t h  ben tho s  biomass,
Morgan <1980) re v ie w e d  t h e  l i t e r a t u r e  on benthos  
biomass and conc luded  t h a t  in  t h e  p r o f u n d a l  zone of  
s t r a t i f i e d  t e m p e r a t e  l a k e s ,  maxima occur  m a in ly  i n  s p r i n g  
( A p r i l ,  May) and autumn (O c to b e r )  and in  l i t t o r a l  a r e a s  a
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s 1ng1e summer maximum i n  J u l y  i s  common.
High e f f i c i e n c y  of  en e rg y  t r a n s f o r m a t i o n  d u r i n g  e a r l y  
s p r i n g  in  tooth thie s t a t i o n s  and t h e  h:i.ghiest, 1 e v e I  d u r in g  
l a t e  autumn a t  s t a t i o n  1 c o u ld  be r e l a t e d  t o  a c o m b in a t io n  
o f  optimum e n v i r o n m e n ta l  c o n d i t i o n s  e s p e c i a l l y  t e m p e r a t u r e  
and t h e  s u p p ly  of  h ig h  en e rg y  c o n t e n t  a l g a l  fo o d .  With  
r a p i d  i n c r e a s e  o f  p r i m a r y  p r o d u c t i o n  from May, t h e  ene rg y  
c o n t e n t  o f  t h e  sed im ent  i n c r e a s e d  g r a d u a l l y  and reac hed  t o  
t h e  h i g h e s t  l e v e l  in  August  bu t  t h e  e f f i c i e n c y  o f  energ y  
t r a n s f o r m a t i o n  d e c l i n e d  g r a d u a l l y  t o  v e r y  low l e v e l  in  J u l y ,  
September and O ctober  a t  s t a t i o n  1 which c ou ld  be due t o  th e  
e f f e c t  o f  d e o x y g e n a t io n  o f  t h e  s e d im e n t .  Jorgensen (1980)  
c l e a r l y  d e m o n stra ted  t h a t  oxygen s u p p ly  was a l i m i t i n g  
f a c t o r  f o r  s e v e r a l  s p e c ie s  of  ben tho s  in  l a k e  L i m f j o r d e n  
(Denmark) .  In  t h e  p r e s e n t  s t u d y ,  Chironomus piumosus was t h e  
o n l y  s p e c ie s  r e c o r d e d  a t  s t a t i o n  1 which has r a t h e r  h igh  
a b i l i t y  t o  s u r v i v e  l o n g e r  t im e  in  deoxygenated  c o n d i t i o n  due 
t o  i t s  haemoglobin  c o n t e n t .  Moss (1982 )  r e p o r t e d  t h a t  t h e  
r e s p i r a t i o n  r a t e  o f  C. p i  umosus d e c l i n e  w i t h  r a p i d  d e c l i n e  
o f  d i s s o l v e d  oxygen in  t h e  h y p o l im n io n  and t h e  growth of  C» 
piumosus l a r v a e  s t o p s  when t h e  sed im ent  i s  d eo xygen ated .
Iwakuma e t  a l . ,  (1984 )  r e p o r t e d  t h a t  t h e  seasona l
v a r i a t i o n s  o f  Ch ironomid  biomass was indep e n d en t  o f  t h e  
f l u c t u a t i o n s  o f  p r i m a r y  p r o d u c t i o n  i n  l a k e  Kasumigaura
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(Japan)  u The e n v i r o n m e n ta l  - fa c to r s  such as t e m p e r a t u r e  and 
d i s s o l v e d  oxygen were t h e  c o n t r o l l i n g  - fa c to rs  in  t h e  
p r o d u c t i o n  of C« p 1umosus which i s  a l s o  t r u e  in  t h e  deep 
w a te r  a t  s t a t i o n  1 in  Dufoh Lochan.  To t h e  c o n t r a r y ,  Jonasson  
(1972 )  demons t  r  a t  e d a c 1 e a r  d e p e n d a n c e o f  C h :L r  o n o m i d 
secondary  p r o d u c t i o n  on t h e  p r i m a r y  p r o d u c t i o n  in  l a k e  
Esrom. In  t h e  p r e s e n t  s t u d y ,  t h e  sed im en t  s u r f a c e  a t  s t a t i o n  
2 was a lw a ys  w e l l  oxygenated  and c o m p a r a t i v e l y  h i g h e r  
e f f i c i e n c y  from May t o  August  when t h e  e n e rg y  c o n t e n t  o f  t h e  
sed im ent  was h i g h ,  seems t o  be r e l a t e d  w i t h  t h e  s u p p ly  of  
h ig h  en e rg y  c o n t e n t  a l g a l  -food.. The r a p i d  d e c l i n e  of  t h e  
e f f i c i e n c y  o f  ene rg y  t r a n s f o r m a t i o n  t o  t h e  ben tho s  d u r in g  
l a t e  s p r i n g  t o  e a r l y  summer c o u ld  a l s o  be r e l a t e d  w i t h  t h e  
emergence of  Chironomus pIumosus as t h e y  beeome adu11 , 1 &ave  
t h e  sed im ent  and become t e r r e s t r i a l  (Moss, 1 9 8 2 ) .  As C. 
p i u mosus was t h e  o n l y  s p e c ie s  of  b en tho s  observed  a t  s t a t i o n  
1 and Ch ironom ids  were a l s o  dominant  a t  s t a t i o n  2 ,  t h e  
e x p o r t  o f  energ y  t o  t h e  t e r r e s t r i a l  ecosystem co u ld  a l s o  be 
a v e r y  i m p o r t a n t  f a c t o r .  Most o f  t h e  s t u d i e s  on Ch ironomid  
emergence a r e  q u a l i t a t i v e ,  used m a i n ly  in  taxonom ic  s t u d i e s  
and t h e  q u a n t i t a t i v e  i n f o r m a t i o n  i s  r a r e .  I t  i s  e x t r e m e l y  
d i f f i c u l t  t o  o b t a i n  such i n f o r m a t i o n s  q u a n t i t a t i v e l y  in  
n a t u r a l  e n v i ro n m en t  as t h e i r  growth and m a t u r i t y  may t a k e  
from few months t o  few y e a r s  ( S a d l e r ,  1 93 5g K o n s t a n t in o v ,  
1958s Tubb & D o r r i s ,  1965) depending  on t h e  s u i t a b l e  
e n v i r o n m e n ta l  c o n d i t i o n  and a p p r o p r i a t e  q u a l i t y  and q u a n t i t y
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of  food s u p p ly  (Morgan,  1980),.  However ,  i n  t h e  p r e s e n t  
s t u d y ,  no a t te m p t  was made t o  q u a n t i f y  such en e rg y  e x p o r t  
f rom t h e  s e d im e n t .
C H A F ’T E R  --••• 1 . 0
C O N C L U S X O N S
The e n v i r o n m e n ta l  c o n d i t i o n s  in  t h e  Dubh Lochan have  
changed a g r e a t  d ea l  ove r  t h e  l a s t  10 y e a r s  s i n c e  K l a r e r ' s  
(1978 )  s t u d y .  The pH d e c l i n e d  m a rk e d ly  which may be due t o  
a c i d  r a i n .  N i t r a t e  and s i l i c a t e  c o n c e n t r a t i o n s  i n c r e a s e d  but  
c o n c e n t r a t i o n s  o-f o r th o p h o s p h a t e  d e c l i n e d .  N u t r i e n t  
c o n c e n t r a t i o n s  were c o n t r o l l e d  both  by b i o l o g i c a l  a c t i v i t y  
( p r i m a r i l y  i n  t h e  upper  w a te r s )  and by oxygen d e p l e t i o n  
( p r i m a r i l y  in  t h e  low e r  w a t e r s )  d u r in g  t h e r m a l  
s t  r  a t  i  $ i  c a t  i o n .
P h y to p la n k t o n  biomass showed s i n g l e  summer peak in  
both  t h e  y e a r s  d u r in g  June and J u l y .  Green and b l u e  green  
alg«ie dominated d u r in g  most o-f t h e  t i m e  e x c e p t  i n  l a t e  
autumn and w i n t e r  when d ia tom s  dom inated  t h e  s p a rs e  
p h y to p la n k to n  community.
Z o o p lan k to n  biomass showed t h r e e  d i s t i n c t  seasona l  
peaks d u r in g  mid t o  l a t e  s p r i n g ,  l a t e  summer t o  e a r l y  autumn 
and in  l a t e  autumn t o  e a r l y  w i n t e r .  A l though  p h y t o p la n k t o n  
biomass was t h e  h i g h e s t  in  June and J u l y ,  ' z o o p la n k t o n  
biomass d id  no t  i n c r e a s e  a t  a s i m i l a r  r a t e .  D u r in g  t h i s  
p e r i o d  S p h a e r o c y s t i s  s c h r p e t e r i  was t h e  dominant  s p e c ie s
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among p h y to p la n k to n  which was not  a s u i t a b l e  -food f o r
s o o p 1 a n k t  on- D u r i n g  l a  t  e s p r  i  n g and l a t e  a u t  u m n h :i. g h
2 o o p 1 a n k t  on b i o rn a s s w a s d u e t  o o p t  i m u m e n v i r  o n in e n t  a 1
c o n d i t i o n s  and t h e  i n c r  e a s e d p r  o d u c t  i o n o -f d :L a t  o in s w h i c h i s
a v e r y  good so u rc e  o f  -food.
Seston t r a p s  p la c e d  1m below t h e  s u r f a c e  was not  
s u i t a b l e  f o r  ses ton  c o l l e c t i o n  because o-f p e r i  p h y t i c  a l g a l  
growth i n s i d e  t h e  t u b e s  d u r i n g  t h e  summer months- However ,  
s e s to n  biomass showed t h r e e  d i s t i n c t  seasona l  peaks in  mid 
s p r i n g ,  l a t e  summer and mid autumn a l th o u g h  h igh  l e v e l s  were  
a l s o  observed  i n  w i n t e r -  The l a t e  summer peak seems t o  be 
r  e 1 a t  ed t o  maxi mum phyt.op 1 ank ton  p r o d u c t i  on dur i ng mi d
summer and t h e  two o t h e r  peaks co u ld  be due t o  non a l g a l
a u toch tho nous  d e t r i t u s  as w e l l  as a l 1ochthonous o r g a n ic  
m a t t e r »
N i t r o g e n ,  o r th o p h o s p h a t e  and carbon c o n te n t  . o-f t h e  
sed im ent  were a lw a ys  h i g h e r  i n  t h e  - f l o c c u l e n t  l a y e r  than  t h e  
r e s t  o-f t h e  s e d im e n t .  The l e v e l s  were a lw ays  h i g h e r  a t  
s t a t i o n  1 than  s t a t i o n  2- They were g r e a t l y  in - f lu en ce d  by 
t h e  s e d im e n t in g  s e s to n .  The r e l e a s e  of  n u t r i e n t s  from t h e  
sed im ent  e s p e c i a l l y  ammonia and o r th o p h o s p h a te  were  
r e f l e c t e d  by r a p i d  i n c r e a s e  o-f t h e  n u t r i e n t s  in  t h e  w a te r  
above t h e  sed im ent  d u r i n g  t h e  p e r i o d s  o-f h y p o l i m n e t i c  
a n o x ia .  D u r in g  t h i s  p e r i  od t  h e en e r  g y c on t  en t  of th  e
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Figure 69. Energy flow in Dubh Lochan. The values are expressed in KJ x 10 /year.
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sedimerit  a t  s t a t i o n  1 in c r e a s e d  t o  t h e  h i g h e s t  l e v e l  due t o  
a n a e r o b ic  d ec o m p o s i t io n  o f  o r g a n i c  m a t t e r  in  t h e  sediment , .  
Hi gh ene rg y  c o n te n t  of  thie sed i  ment dur i ng t h e  summer months  
i n  both  t h e  s t a t i o n s  seems t o  be due t o  t h e  h igh  
c o n t r i b u t i o n  of  a l g a l  d e t r i t u s  s e d im e r i t in g  th ro u g h  se s to n  t o  
t h e  s e d im e n t .
Benthos biomass i n  deep w a te r  a t  s t a t i o n  1 was 
in d e p e n d a n t  o f  p r i m a r y  p r o d u c t i o n  but  in  s h a l l o w  w a te r  a t  
s t a t i o n  2 ,  i t  c l o s e l y  f o l l o w e d  p r i m a r y  p r o d u c t i o n .  
E n v i r o n m e n ta l  f a c t o r s  e s p e c i a l l y  t e m p e r a t u r e  and d i s s o l v e d  
oxygen r a t h e r  than  t h e  s u p p ly  of  food  seem t o  be t h e  
l i m i t i n g  f a c t o r  f o r  t h e  b e n t h i c  o rgan ism s in  deep w a te r  a t  
s t a t i o n  1.
A p o s s i b l e  en e rg y  f l o w  p a t t e r n  i n  Dubh Lochan i s  shown 
i n  F i g u r e  6 9 .  The e n e r g e t i c  v a l u e s  a r e  presented ,  o n l y  f o r  
t h o s e  p a r a m e te r s  which were d e te r m in e d  i n  t h e  p r e s e n t  s tu d y .
On an annual  b a s i s  0 .877,  o f  t h e  en e rg y  was t r a n s f o r m e d  
f rom p h y to p la n k to n  t o  z o o p la n k to n  r a n g i n g  from 0.087. in  
O ctober  t o  5.897. in  F e b r u a r y ,  High e f f i c i e n c y  from Jan u ary  
t o  A p r i l  co u ld  be due t o  both  s u i t a b i l i t y  o f  d ia to m s  as food  
f o r  z o o p la n k to n  and optimum e n v i r o n m e n ta l  c o n d i t i o n s  f o r  
t h e i r  growth and r e p r o d u c t i o n . Low e f f i c i e n c y  d u r in g  t h e
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summer months c ou ld  be due t o  poor a s s i m i l a t i o n  o-f t h e  g reen  
and b 1ue gr eon a l g a l  sp ec i es by zoop1 an k t  o n «
I g n o r  i n g t  hi e c o n t  r  i b u t  i o n o -f a 11 o c h t  h o n o u s o r  g a n i c 
m a t t e r ,  777. o-f t h e  en e rg y  -from p h y t o p la n k t o n  was c h a n n e l l e d  
th ro u g h  se s to n  t o  t h e  sed im ent  and was g r e a t l y  i n f l u e n c e d  by 
t h e  e n v i r o n m e n ta l  c o n d i t i o n s  e s p e c i a l l y  t e m p e r a t u r e  and t h e  
d e p l e t i o n  o-f oxygen in  t h e  h y p o lo im n io n  d u r i n g  t h e  summer 
months.
The e f f i c i e n c y  of  energ y  t r a n s f o r m a t i  on f rom
p h y t o p la n k t o n  t o  ben tho s  v a r i e d  between 1.19"/. and 7 .73%  
d u r i n g  most o f  t h e  t im e  e x c e p t  two u n u s u a l l y  h ig h  v a l u e s
d u r in g  March & A p r i l  and in  December & J a n u a r y ,  1986 when
t h e y  exceeded p r i m a r y  p r o d u c t i o n .
In  t h e  l i g h t  o f  my e x p e r i e n c e  d u r i n g  t h e  p r e s e n t  s t u d y ,  
f u t u r e  work on ene rg y  f l o w  i n  Dubh Lochan sho u ld  i n c l u d e  an
e x a m in a t io n  o f  p e r i  p h y t i c  and b e n t h i c  a l g a e  e s p e c i a l l y
d ia t o m s ,  l i t t o r a l  ben thos  and t h e  c o n t r i b u t i o n  o f  n e r v a l  ga l  
au to ch th o n o u s  as w e l l  as a l lo ch th o n o u s  o r g a n ic  m a t t e r  in  t o  
t h e  e n e r g e t i c s  o f  ses ton  and s e d im e n t .
Page 232
A l l e n ,  S. 
1974
* Armen, H. 
1964
A n d erso n , 
1947
A r n o ld ,  D 
1971
A r t h u r ,  C 
1967
CHAPTER -   * 2L «
Ft E-: F-' E REMCES
E . , H. l i G r  i mshaw, J . A» Par k i nson and C« Quar mby« 
Chemical  a n a l y s i s  o-f e c o l o g i c a l  m a t e r i a l s .  
B l a c k w e l l  S c i e n t i f i c  P u b l i c a t i o n s .  O x fo rd .
56 5 p p .
E c o l o g i c a l  s t u d i e s  o f  z o o p la n k to n  p o p u l a t i o n s  
i n  some ponds on S p i t s b e r g e n .  Z o o l v  B i d r a g .  
U p p s a la ,  36 s 161 - 1 9 1 .
J . G . C .  The Geology o f  t h e  H ig h la n d  Border  a
Stonehaven t o  A r r a n .  T r a n s .  Roy. Soc. E d in b u rg h .  
61_<2> b 479 -  5 15 .
. E . 1n g e s t i  o n , a s s i  mi 1 a t i  o n , s u r v i v a l  and- 
r e p r o d u c t i o n  by Daphni a pul  ex fe d  seven  
s p e c ie s  o f  b l u e  green  a l g a e .  L im n o l .  Oceanogr.
16 b 906 -  920 .
„R. and F .H .  R i g l e r .  P o s s i b l e  s o u rc es  of  e r r o r  in  
t h e  Carbon x* method of  m easur ing  p r im a r y  
p r o d u c t i v i t y .  L im n o l .  Oceanogr.  1 2 (1 )  a 
121 -  124.
233
B a l  f o u r  
1 9 4 0
Bal f  our  
1950
B a l f o u r  
1950
* B a l o g h , 
1958
B a n in ,  A 
1974
B a r b e r , 
1981
- Browne, F » B r i t i s h  w a te r  b e e t  1 es .  1.. Ray S o c i e t y ..
Adlarcl  &c Son, L t d .  London. 375pp.
- Browne, F .. Br i t  i sh wat e r  b e e 1 1 e s . 2 .  Ray Soc i e t y ..
A d la r d  Son, L t d .  London. 394pp.
- Browne, F.  B r i t i s h  w a te r  b e e t l e s .  3 .  Ray S o c i e t y .
A d la r d  & Son, L t d .  London. 210pp.
J. On some prob lem s o-f p r o d u c t i o n  b i o l o g y .  A c ta
Z o o l o g i c a l  Academiae S c i e n t i a r i u m  H u n g a r ic a e .  
4 . 1  89 -  114.
, ,  M. G a l ,  Y. Zohar and A. S i n g e r .  The s p e c i f i c  
s u r f a c e  a r e a  o f  c l a y s  in  l a k e  se d im e n ts  -  
measurements and a n a l y s i s  of  c o n t r i b u t o r s  
i n  Lake K i n n e r e t ,  I s r a e l .  L im n o l .  Oceanogr.
20 s 278 -  282 .
-i. G. and E .Y .  Howorth .  A g u id e  t o  t h e  morphology  
of  t h e  d ia to m  f r u s t u l e .  F r e s h w a t e r  B i o l o g i c a l  
A s s o c i a t i o n .  S c i e n t i f i c  P u b l i c a t i o n  No. 44.
112pp.
Page 234
B a r n e s ,  R. 
1900
B a r s d a t e , 
1974
* B e r a r d i , G 
1953
B e r r i e ,  A. 
1972
* B i r g e ,  E.A  
1934
K m and K.H.  Mann ( e d s . ) »  Fundam enta ls  o-f a q u a t i c  
e c o sys tem s . B1 ackwel  1 Sci e n t  i  f  i  c Pub 1 i c a t  i o n s . 
O x fo rd .  229pp.
R . J . ,  T.  Fenchel  and R»T« P r e n t k i . Phosphorus  
c y c l e  o-f model ecosystems s S i g n i f i c a n c e  -for 
decomposer -food c h a in  and e f f e c t  of  b a c t e r i a l  
g r a z e r s .  O ik o s ,  : 2 5 s  239 -  251 .
. and V. T o n a l 1 i . C l o r o f i l i a ,  f i t o p i a n c t o n  e 
v i c e n d e  m e t e o r o l o g i c h e  <Lago M a g g i o r e ) . Mem. 
1 s t .  I t a l .  X d r o b i o l .  7 s 165 -  187.
D« The o c c u r r e n c e  and c o m p o s i t io n  o f  s e s to n  in  
t h e  R i v e r  Thames and t h e  r o l e  o f  d e t r i t u s  as an 
en e rg y  so u rc e  f o r  secondary  p r o d u c t i o n  in  t h e  
R i v e r .  Mem. 1 s t .  I t a l .  I d r o b i o l .  S u p p l . 29 s 
473 -  483 .
. and C. Juday.  P a r t i c u l a t e  and d i s s o l v e d  o r g a n ic  
m a t t e r  i n  i n l a n d  l a k e s .  E c o l « Monogr. 4 u 
440 -  474 .
Page 235
B l a z k a ,  P 
1980
*Bodi  n , K. 
1968.
B o e rs ,  P. 
1984
B o u r r e l 1y 
1970
B o u r a l 1y , 
1972
, T.  B l a c k i e l  and F .B .  Taub. T r o p h ic  r e l a t i o n s h i p s
and e-f -f i c i enc i e s . I n s LeCr en , E . D. & R • H. Lowe .
McConnel l  < eds.  ) , The - f u n c t io n in g  o-f f r e s h w a t e r  
.ecosystem s,  p.  393 410 .  Cambridge U n i v e r s i t y
press..
and A. Nauwerck.  P r o d u k t i o n s b i o i o g i s c h e  s t u d i e n  
uber  d i e  M o s s v e g e ta t io n  e i n e s  K l a r e n  G e b i rg s s e e s .  
S c h w e iz e r i s c h e  Z e i t s c h r i - f t  -fur H y d r a b i o l o g i e .
30  s 318 - 3 5 2 .
: .M . ,  J .W .T h .  Bongers ,  A.G. W is s e lo  and T h .E .
Cappenberg.  L o o s d re c h t  l a k e s  R e s t o r a t i o n  Projects  
Sediment  phosphorus d i s t r i b u t i o n  and r e l e a s e  from 
t h e  s e d im e n ts .  Ve rh .  I n t e r n a t .  v e r e i n .  L im n o l .
22 a 842 -  847 .
P. Les A lgues  D 'Eau  Douce. I n i t i a t i o n  a ' l a  
s y s t e m a t i q u e .  Tome I s Les A lgues  b l e u e s  e t  
rouges  Les E u g le n ie n s ,  P e r i d i n i e n s  e t  
Cryp tom on ad ines .  E d i t i o n s  M. Boubee & C i e .
P a r i s  VI  e .  512pp.
P. Les A lgues  D 'Eau Douce, I n i t i a t i o n  a ' l a  
s y s t e m a t i q u e .  Tome I I I  a Les A lgues  V e r t e s .  
E d i t i o n s  N. Boubee C i e .  P a r i s -  VI_ e .  572pp.,
Page 2
# B r i  c k e r ,  F 
1 9 7 6
B r i  n k h u r s t
1974
B r y l i  n s k i , 
1980
B r y l i  n s k i , 
1973
• * C a r l i n ,  B. 
1943
C a r l t o n ,  R 
1984
J .  and J . E .  Gannon. L i m n a l o g i c a l  i n v e s t i g a t i o n s
of  Hoop Lake  -  a n o r t h e r n  M ic h ig a n  bog. M i c h .
A c ad em ic ia n .  9 : 25 " 42 .
R.G. The b en tho s  o f  l a k e s .  M a c m i l l a n ,  London.  
190pp.
M. ^ E s t im a t in g  t h e  p r o d u c t i v i t y  o f  l a k e s  and 
r e s e r v o i r s .  In  s L e C r e n , E .D .  & R.H« Lowe -  
McConnell  ( e d s . >,  The f u n c t i o n i n g  o-f f r e s h w a t e r  
ecosystem s,  p.  411 -  453 .  Cambridge U n i v e r s i t y  
P re s s .
M« and Mann, K.M. An a n a l y s i s  of  f a c t o r s  
g o v e r n in g  p r o d u c t i v i t y  i n  l a k e s  and r e s e r v o i r s .  
L im n o l .  Oceanogr.  1_8 s 1 -  14.
D ie  P I a n k t o n r o t a t o r e i n  des M o ta la s t r o m  s zu r  
Taxonomie und O k o lo g ie  der  P I a n k t o n r o t a t o r e i n . 
Meddn. Lunds U n iv .  L im n o l .  I n s t .  No. 5 .  255pp.
G. Forms and d i s t r i b u t i o n  o f  Carbon in  s ed im en ts  
of  C a s t l e  l a k e  ( C a l i f o r n i a ,  U . S . A . ) .  Verh .  
I n t e r n e t . -  v e r e i n .  L im n o l .  22 s 578 - -  582 .
Page 237
Chapman,  A. The b ionom ics  of  P i aptomus q r a c i 1 i s  Gars.
1969 (Copepoda -  C a la n o id a )  i n  Loch Lomond, S c o t la n d
J.  Anim. E c o l . 38 b 257 -- 284 .
*Chu,  S. P. The i n f l u e n c e  o f  t h e  m in e r a l  c o m p o s i t io n  o f  t h e  
1942 medium on t h e  growth o f  p i a n k t o n i  c a l g a e .  1.
J .  E c o l .  30 s 284 ~ 325 .
Clapham, A . R . ,  T .G .  T u t i r i ,  and E . F .  Warburg.  F l o r a  of  t h e
1962 B r i t i s h  I s l e s .  Second E d i t i o n .  Cambridge
U n i v e r s i t y  P r e s s .  Cambridge .  1269pp.
C l a y ,  E .M. and J . W i l h m .  1979.  P a r t i c l e  s i z e ,  p e r c e n t  
1979 o r g a n ic  c a r b o n ,  phosphorus and d e p o s i t i o n  of
se d im e n ts  i n  Ham's and A r b u c k le  l a k e s .
H y d r o b i o l o g i a .  65<1> s 33 -  38 .
G lev e  -  E u l e r ,  A. D ie  D iatomeen von SchWeden und F i n n l a n d .  
1955 k u n n g l « Sv. v e te n s k a p s a k  h a n d l . IV .  2 -  5.
S tockho lm .  964pp.
C o y l e r ,  C .N.  F l i e s  o f  t h e  B r i t i s h  I s l e s .  F r e d e r i c k  Warne
1951 8< Co. L t d .  London. 383pp.
C o m ita ,  G.W. The seasona l  z o o p la n k to n  c y c l e s ,  p r o d u c t i o n  
1972 and t r a n s f o r m a t i o n  o f  ene rg y  i n  Severson l a k e ,
Page 238
M :i. i "i n e s o t  a . Arc h « H y d r  o b i a 1« 7 0 s 1 4 ' -  66..
Cumm i n s 
1971
Cummi ns 
1973
D a v ie s ,  
1980
Davi s ,
1972
Doohan,
1973
, K.W. and J . C .  Wuycheck. C a l o r i c  e q u i v a l e n t s  f o r  
i n v e s t i  g a t i  ons i n e c o lo g i  c a l  e n e r g e t i c s .
I n t e r n a t i o n a l  A s s o c i a t i o n  of  t h e o r e t i c a l  and 
a p p l i e d  L im no lo gy .  Communication No. 18. 158pp.
, K . W . , R .C .  P e t e r s e n ,  P .O .  Howard,  J . C .  Wuycheck 
and V . I .  H o l t .  The u t i l i z a t i o n  o f  l e a f  l i t t e r  by 
s t ream  d e t r i t i v o r e s .  E c o l .  54  s 336 -  345 .
I . J .  R e l a t i o n s h i p  between D i p t e r a n  emergence and 
p h y t o p la n k t o n  p r o d u c t i o n  i n  t h e  e x p e r im e n t a l  l a k e s  
a r e a ,  N o r th  -  Western O n t a r i o .  Can. J .  F i s h .  Aquat  
be 1 » 37 S 5 2 3  5 3 3 .
l .C .  P la n k to n  dynamics in  a Newfoundland l a k e .  Verh  
I n t e r n a t .  v e r e i n .  L im n o l .  US s 278 —- 283 .
M. E n e r g e t i c s  o f  p l a n k t o n i c  R o t i f e r s  a p p l i e d  t o  
p o p u l a t i o n s  i n  r e s e r v o i r s .  Ph. D» T h e s i s ,  U n iv .  
London.
Page 239
Duncan, A. and R .Z .  K l e k o w s k i .  P a r a m e te rs  of :  an en e rg y  
1975 b u d g e t .  In  n Methods o f  e c o l o g i c a l  b i o e n e r g e t i c s ,  
(eds .  G r o d z i n s k i ,  W» , R .Z .  K leko w sk i  and A.
D u n c a n ) . .  I B P  H a n d b o o k  N o . 24.. B 1 a c k w e l l  8 c i e n t i - f i e  
Pub 1 i c a t  i o n s . Ox f  or  d - 367pp.
E d in g t o n ,  J .M .  and A.G. M i l d r e w .  C a s e le s s  C add is  l a r v a e  of  
1981 B r i t i s h  I s l e s .  F r e s h w a t e r  B i o l o g i c a l  A s s o c i a t i o n .  
S c i e n t i f i c  P u b l i c a t i o n  No. 43 .  91pp.
Edmondson, W.T. The r a t e  o-f egg p r o d u c t i o n  by R o t i f e r s  and 
1964 Copepods i n  n a t u r a l  p o p u l a t i o n s  as c o n t r o l l e d  by
■food and t e m p e r a t u r e .  V e rb .  I n t e r n e t .  v e r e i n .  
L im n o l .  15 s 673  -  675 .
Edmondson, W.T. and G.G. Winberg ( e d s . > . . A manual on methods  
1971 -for t h e  assessment o-f secondary  p r o d u c t i o n  in
f r e s h w a t e r s .  IBP Handbook No. 17. B l a c k w e l l  
S c i e n t i f i c  P u b l i c a t i o n s .  O x fo rd .  358pp.
E f f o r d ,  I . F .  Energy t r a n s f e r  in  M ar ion  l a k e ,  B r i t i s h
1969 Columbia? w i t h  p a r t i c u l a r  r e f e r e n c e s  t o  f i s h
f e e d i n g .  Ve rh .  I n t e r n e t ,  v e r e i n .  L im n o l .  17 s 
104 •“* 108.
240
m E1 s1 0 i'", !•■ I» J . Liber d i e  popu 1 a t  i on s dynami k von Eudi aptomus  
1954 g r a c i l i s  B a rs ,  und H e te ro c o p e  b o r e a l i s  F i s h e r
im Bodensee O bersee .  Arch .  H y d r o b i o l .  S u p p l .  20 
5 4 6  •••■ 6 1 4 .
E n v i r o n m e n ta l  Resources  L i m i t e d .  A c id  r a i n .  A r e v i e w  of  
1983 t h e  phenomenon in  t h e  EEC and Europe .  Graham & 
Trotman L i m i t e d .  London. 159pp.
• *F indenegg,  I .  ! Un tersuchungen uber  d i e  O k o l o g ie  und d i e  
1943b P r o d u k t i o n s v e r h a l t n i s s  des p l a n k t o n s  in  K a r n t n e r  
S e e n g e b ie t e .  I n t .  Revue ges .  H y d r o b i o l .  H y d ro g r .  
43 s 368 -  429 .
•xFindenegg, I .  K a r n t n e r  Seen n a t u r k u n d l i c h  b e t r a c h t e t .
1953 C a r i n t h i a  I I ,  15.  S o n d e r h e f t . K l a g e n f u r t .  101pp.
F i s h e r ,  S .G.  and G.E .  L i k e n s .  Energy f l o w  i n  Bear Brook ,
1973 New Hampshire  s An i n t e g r a t i v e  approach t o  s t ream
ecosystem m e ta b o l is m .  E c o l » Monogr. 43 s 
421 -  439 .
• # F l e i s h e r ,  S. M i c r o b i a l  phosphorus r e l e a s e  d u r in g  enhanced  
1983 g l y c o l y s i s .  N a tu rw is s e n s c h  a f t e n .  70 * 415pp.
Page 241
F r a s e r ,  F„G« Handbook f o r  t h e  i d e n t i f i c a t i o n  o f  B r i t i s h
1959 in sec ts , .  P l e c o p t e r a ,  M e g a l o p t e r a  and -N e u r o p te r a .
Royal E n t .  Boc. London. 1 (12 & 1 3 ) .  40pp.
C. Chemi c a 1 and miner  a 1ogi c a 1 char  a c t e r e s t  i cs o f 
e u t r o p h i c  l a k e  s e d im e n ts .  S o i l  S c i . Sac.  Am.
Pro c .  33 8 369 -  372 .
G a c h t e r ,  R. and A. Mares .  Does s e d im e n t in g  s e s to n  r e l e a s e  
1985 s o l u b l e  r e a c t i v e  phosphorus i n  t h e  h y p o l im n io n  of  
l a k e s ? .  L im n o l .  Qceanogr.  30 (2)  s 364 -  371 .
G a l l e p p ,  G.W. Ch ironom id  i n f l u e n c e  on phosphorus r e l e a s e  in  
1979 sed im ent  w a te r  microcosm. Ecol  . 60 <3> s 547 556 .
Golachowska,  J .  Phosphorus i n  t h e  bo t tom  s ed im en ts  o f  some 
1984 l a k e s  o f  t h e  w o r ld .  P o l .  Arch .  H y d r o b i o l .  3J. (3)  t
175 ~ 205 .
G o ld s p in k ,  C .R .  and D . B .C .  S c o t t .  V e r t i c a l  m i g r a t i o n  of  
1971 Chaoborus f l a v i c a n s  in  a S c o t t i s h  Loch.
F r e s h w a te r  B i o l .  1 s 411 -  421 .
Fr  i n k , 
1969
Page 242 ,
G a i t e r  man, H „ I... „ I n f l u e n c e  o f  t h e  mud on t h e  c h e m i s t r y  of  
1968 w a t e r  i n  r e l a t i o n  t o  p r o d u c t i v i t y .  I n  s Gol t e r  man 
hi, L. & R »9 „ Cl y mo ( e d s .  > , Chemi ca  1 en v i  r  on men t  i  n 
t h e  a q u a t i c  h a b i t a t ,  p.  2 97  -• 3 1 3 .
G o l te r m a n ,  H .L .  P h y s i o l o g i c a l  L im n o lo g y .  E l s e v i e r  
1975 P u b l i s h i n g  Company. Amsterdam. 489pp«
G o l te r m a n ,  H .L .  and F .A .  Kouwe. Chemical  b ud ge ts  and 
1980 n u t r i e n t  pa thw ays .  Ins LeC ren ,  E*D» & R .H .  Lowe -
McConnel l  ( e d s . ) ,  The f u n c t i o n i n g  o f  f r e s h w a t e r  
ecosystem s,  p.  411 -  453 .  Cambridge U n i v e r s i t y  
P r e s s .
Gorham, E. and J.  S anger .  C a l o r i f i c  v a l u e s  of  o r g a n ic
1967 m a t t e r  i n  woodland,  swamp and l a k e  s o i l s .  E c o l .
48 s 492 -- 494 .
Gorham, E . , J .G .W .  Lund,  J . E .  Sanger and W.E. Dean, J r .
1974 Some r e l a t i o n s h i p s  between a l g a l  s t a n d i n g  c r o p ,
w a te r  c h e m i s t r y  and sed im ent  c h e m i s t r y  i n  t h e  
E n g l i s h  l a k e s .  L im n o l .  Oceanogr.  19 u 601 -  617 .
#Gr im ,  Beobachtungen am p h y t o p la n k t o n  des Bodensees  
1939 (Dbersee)  sow ie  deren  r e c h n e r i s c h e  A u sw e r tu n g « In
Revue ges H y d r o b i o l .  H y d ro g r .  39  s 193 -  313.,
Page 243
G u n a t i l k a ,  A. R o le  o f  s e s to n  in  t h e  pho sphate  removal  in  
1978 Neusi ed 1 e r  S e e « Verh » I n t e r n a t . vere i,  n . L i  mnol ■
20 8 986 -  991 .
Guppy, S . F .  and C.M.  Happey -  Wood. C h e m is t r y  o f  s ed im en ts  
1978 from two l i n k e d  l a k e s  in  N o r th  W ales .  F r e s h w a t e r
B i o l .  8 s  401 -  413 .
G urney ,  R. B r i t i s h  f r e s h w a t e r  Copepods. C a l a n o i d a ,  I .
1931 London, The Ray S o c i e t y .  238pp.
* H a e m p e l , □.  Zur K e n n t n is  e i n i g e r  A1penseen, m i t  b e s o n d e re r  
1918 B e r u c k s i c h t ig u n g  i h r e r  b i o l o g i s c h e n  und F i s c h e r e i  
V e r h a l t n i s s e .  I .  Der H a l l s t a t t e r  See.  I n t .  Revue  
ges.  H y d r o b i o l .  H y d ro g r .  8 s 225 -  306 .
H a l l e g r a e f f ,  G.M. C a l o r i c  c o n t e n t  and e le m e n t a r y  
1978 c o m p o s i t io n  o f  ses to n  of  t h r e e  Dutch f r e s h w a t e r
Lakes .  Arch .  H y d r o b i o l .  83 (1) s 8 0 - 9 8 .
H a m i l t o n ,  J . D .  On t h e  b i o l o g y  of  Holopedium gibberum  
1958 Zaddach (C r u s t a c e a  s C l a d o c e r a ) .  V e rh .  I n t e r n a t .
v e r e i n .  L im n o l .  13 s 785 -  788 .
Page 244
Hammond, C.O. The d r a g o n f l i e s  o f  G r e a t  B r i t a i n  and I r e l a n d .  
;!. 933 (S e c o n d E d i t i o n ) .  H a r  1 e y Books. Essex.  :L .1,6pp.
Han s e n , 0 . H. Th e d i s t r  i  b u t i  on and c h emi c a 1 c amp os i t i  on of
1972 p a r t i c u l a t e  m a t e r i a l  in  m a r in e  and f r e s h w a t e r s .
1 s t .  I t a l .  I d r o b i d l .  S u p p l .  29 s 37 -  51 .
H a r d i n g ,  J . P .  and ULA. S m i th .  A key t o  t h e  B r i t i s h  
1974 F r e s h w a te r  C y c lo p o id  and C a la n o id  Copepods.
F r e s h w a t e r  B i o l o g i c a l  A s s o c i a t i o n .  S c i e n t i f i c  
P u b l i c a t i o n  No. 18 (Second E d i t i o n ) .  54pp»
H a r g r a v e ,  B .T .  A e ro b ic  d e c o m p o s i t io n  o f  sed im ent  and
1972 d e t r i t u s  as a f u n c t i o n  of  p a r t i c l e  s u r f a c e  a r e a  and
o r g a n ic  c o n t e n t .  L im n o l .  Oceanogr.  17 s 583 596 .
H a r g r a v e ,  B .T .  C o u p l in g  carbon f l o w  th ro u g h  some p e l a g i c
1973 and b e n t h i c  com m u n i t ies .  J .  F i s h .  Res. Bd. Can.
30 s 1317 -  1326.
H a r g r a v e ,  E<»T. and N.M. Barnes .  Assessment of  sed im ent  t r a p  
1979 c o l l e c t i o n  e f f i c i e n c y .  L im n o l .  Oceanogr.  24 a 
1124 -  1136.
Page 245
H a r t ,  S .D ,  and R.P„ H o w m i l l e r .  S t u d i e s  on t h e  d e c o m p o s i t io n  
1975 o f  a 1 1 a c h t  h o n o u s d e t  r  i t  u s in  t  w o s o u t  h e r  n
C a 1 i f  o r  n i a s t  r  e a m s V  e r  h . I n t  e r  n a t .  v e r  e i  n ,, L i m n o I .
19 : 1665 -  1674.
Hayes,  F . R . ,  B .L .  Re id  and M.L .  Cameron. Lake w a te r  and
1958 sed im ent  s O x i d a t i o n  -  r e d u c t i o n  r e l a t i o n s  a t  t h e  
mud -  w a te r  i n t e r f a c e *  L im n o l .  Oceanogr .  3 s
308  -  317 .
Hayes,  F .R .  and M.A. MacAuley .  Oxygen consumed i n  w a te r
1959 ove r  L ake  sed im ent  c o r e s .  L im n o l .  Oceanogr.  4 s 
291 -  299 .
H i c k i n ,  N .E .  Cadd is  l a r v a e  (L a r v a e  o f  t h e  B r i t i s h
1967 T r i c h o p t e r a ) . H u tch in s o n  & Co. L t d .  London. 476pp.
* H i 11b r i c h t  -  I l k o w s k a ,  A. I n t e r - 1 e v e l  en e rg y  t r a n s f e r  
1972 e f f i c i e n c i e s  i n  p l a n k t o n  food  c h a i n .  M a n u s c r ip t  an 
speech g iv e n  a t  IBP Symposium, R ead ing .
H o b b le ,  J . E . ,  R . J .  B a r s d a t e ,  V. A l e x a n d e r ,  D.W. S t a n l e y ,
1972 C .P .  McRoy, R.G. S t r o s s ,  D .A.  B i e r l e ,  R .D .  D i l l o n ,
M.C. M i l l e r ,  P . I .  Coyne and J .H  K e l l e y .  Carbon  
f l u x  th ro u g h  a Tundra pond ecosystem a t  Barrow ,
Page 246
A1 a 5 k a , U n i t  e d S t  a t  e s T u n d r  a B i o m e R e p o r  t » 
72 CL) i! :t -  29.
H o 1 rn H e n sen ,  (I)» T h e d i s t  r  i b u t  io n  a n d c h e m i c a .1 c o m p o s i t i o n
1972 o f  p a r t i c u l a t e  m a t e r i a l  in  m a r in e  and f r e s h w a t e r s .
Mem. 1 s t .  I t a l .  I d r o b i o l .  S u p p l .  29. s 37 -  5 1 .
H u tc h in s o n ,  G .E .  A t r e a t i s e  on L im n o lo g y .  Volume 1.
1957 Geography,  P h y s ic s  and C h e m is t r y .  John W i l e y  
& Sons I n c .  New Yo rk .  1015pp.
H u tc h in s o n ,  G .E .  A t r e a t i s e  on L im n o lo g y .  Volume I I .
1967 I n t r o d u c t i o n  t o  l a k e  b i o l o g y  and t h e  1 im n o p la n k t o n .
John W i l e y  & Sons I n c .  New Y o rk .  1115pp.
•#Hutehi n s o n , G .E .  and A. W o l la c k .  S t u d i e s  on C o n n e c t i c u t  
1940 l a k e  sed im e n ts  I I .  Chemical  a n a ly s e s  o-f a c o r e  -from
L i n s l e y  pond, N o r th  E<ran-ford. Amer. J .  S c i .
238 8 493 -  517 .
Hynes,  H .B .N .  A key t o  t h e  a d u l t s  and nymphs o-f t h e  B r i t i s h  
1977 S t o n e - f l i e s  ( P l e c o p t e r a )  w i t h  n o te s  on t h e i r  e c o lo g y
and d i s t r i b u t i o n .  F r e s h w a te r  B i o l o g i c a l  A s s o c i a t i o n  
S c i e n t i f i c  P u b l i c a t i o n  N o . 1 7 . ( T h i r d  E d i t i o n ) .  90pp.
P age 2 47
-x-I I m a v i r t a ,  K. and A»L» K o t im aa .  S p a t i a l  and seasona l  
1974 v a r i a t i o n s  i n  p h y t o p l a n k t o n i c  p r i m a r y  p r o d u c t i o n  and
b i o m a s s i n t  h e o I i g o t  r  o p h i  c 1 a k e P a a j  a r  v i , s o u t  h e r  n
F i n l a n d .  Ann. B a t .  F i n n i c i .  11 s 112 -  120.
Iwakuma, T , lv!» Yasuno and Y. Sugaya. 1984.  Ch ironom id  
1984 p r o d u c t i o n  in  r e l a t i o n  t o  p h y t o p la n k t o n  p r i m a r y
p r o d u c t i o n  i n  l a k e  Kasum igaura ,  Japan.  V e rh .
I n t e r n a t .  v e r e i n .  L im n o l .  22 s 1150 1159.
J e n k i n ,  B . M . ,  C .H .  M o r t im e r  and W. P e n n in g to n .  The s tu d y  o-f
1941 l a k e  d e p o s i t s .  N a t u r e ,  London. 147 s 496 -  500 ,
Johannsson,  O .E .  and J . L ,  B e aver .  R o le  o-f a l g a e  in  t h e  d i e t  
1983 o-f Chironomus p i  umosus F. semi r e d u c t  us -from t h e
Bay o f  Q u i n t e ,  l a k e  O n t a r i o .  H y d r o b i o l o g i a .
107 s 237 -  247 .  C ;
Jonasson,  P.M. Eco logy  and p r o d u c t i o n  o f  t h e  p r o f u n d a l  
1972 ben thos  in  r e l a t i o n  t o  p h y t o p la n k t o n  in  l a k e  Esrom.
O ik o s ,  S u p p l .  14 s 1 -  148.
Jonasson,  P.M. The l a k e  Myvatn eco sys tem ,  I c e l a n d .  O ik o s ,  
1979 32 8 289 -  305 .
Page 248
Jonasson ,  P.M. Energy -flow in  a s u b a r c t i c ,  e u t r o p h i c  l a k e .
1981 Ve rh .  I n t e r n a t .  v e r e i n .  L im n o l .  21 : 389 -  393 .
Jonasson,  P . M . ,  E. L a s t e i n  and A. R e b s d o r f .  P r o d u c t i o n ,
1974 i n s u l a t i o n  and n u t r i e n t  budget  o-f e u t r o p h i c  l a k e
Esrom. O ik o s ,  25 s 255 ~ 277 .
J on es ,  J .G .  The m i c r o b i o l o g y  and d e c o m p o s i t io n  o-f s e s to n  in
1976 open w a te r  and e x p e r im e n t a l  e n c lo s u r e s  i n  a
p r o d u c t i v e  l a k e .  J .  E c o l . 64 (1) s 241 ~ 278 .
* J u d a y ,  C. The annual  en e rg y  budget  o f  an i n l a n d  l a k e .  E c o l .
1940 21 s 438 -  450 .
K a ja k ,  Z. A n a l y s i s  of  t h e  i n f l u e n c e  by f i s h  on ben tho s  by
1972 t h e  method o f  e n c l o s u r e s .  In  s P r o d u c t i v i t y  prob lem s
of  f r e s h w a t e r s  <eds. Z. K a ja k  & A, H i l i t o r i c h t  ~ 
I l k o w s k a ) .  p.  781 - 793 ,  Warsaw & Krakow s P o l i s h  
S c i e n t i f i c  P u b l i s h e r s .
K a j a k ,  Z. and J U I .  Rybak. P r o d u c t io n  o f  some t r o p h i c
1966 dependences i n  ben thos  a g a i n s t  p r i m a r y  p r o d u c t i o n
and a o o p la n k to n  p r o d u c t i o n  o f  s e v e r a l  M asur ian  
l a k e s .  V e r .  I n t e r n e t ,  v e r e i n .  L im n o l ,  16 b 
441 -  451 .
Page 249
K a ja k ,  2 - ,  A, H i l l b r i c h t  -  Xlkowska and E « P i e c z y n s k a ,  The
1972 p r o d u c t i o n  p r o c e s s  i n  s e v e r a l  P o l i s h  l a k e s .  In  si
Kaj  a k , Z . and A. H i 1 1b r i  c h t  11 kowska ( e d s . )
P r  o d u c t. i v i t  y p ro  b 1 e m s o f  f  r  e s h w a t  e r  s , W a r  s z a w a . 
p.  129 147.
Kamp -- N i e l s e n ,  L .  Mud -  w a te r  exchange o-f pho sphate  and
1974 o t h e r  io n s  in  u n d is t u r b e d  sed im ent  c o r e s  and f a c t o r  
a- f - fect ing  t h e  exchange r a t e s .  A r c h . H y d r o b i o l ,
73  s 218 -  237 .
Kamp   N i e l s e n ,  L.  Seasonal  v a r i a t i o n  in  sed im en t  -  w a te r
1975 exchange o-f n u t r i e n t  io n s  in  l a k e  Esrom, V e rh .  
I n t e r n a t .  v e r e i n .  L im n o l .  19 t 1057 -- 1065.
•*Kemp, A. O rg an ic  carbon and n i t r o g e n  in  t h e  s u r f a c e  
1971 sed im e n ts  o f  l a k e s  O n t a r i o ,  E r i e  and Huron.  J«
Sediment  P e t r o l .  41_ s 537 548 .
Kimmins, D .E .  Keys t o  t h e  B r i t i s h  s p e c ie s  o f  a q u a t i c  
1940 M e g a lo p t e r a  and N e u r o p t e r a .  F r e s h w a t e r  B i o l o g i c a l
A s s o c i a t i o n .  S c i e n t i f i c  P u b l i c a t i o n  No. 8 .  20pp.
K i r c h n e r ,  W.B. An e v a l u a t i o n  o f  sed im ent  t r a p  m ethodo logy .  
1975 L im n o l ,  Oceanogr.  20  i 657 660 .
Page 250
Ki s t r  i t  z , R .U .  R e c y c l in g  o-f n u t r i e n t s  in  an en c lo s ed  a q u a t i c  
1979 commun :i. t y  o f  c!ecamposi ng macr ophyt  es < My r  i ophy 11 urn 
sjai catum) . O ik o s ,  30 s 561   569,. ,
K l a r e r ,  D-M- Gome studies on the plankton o-f the Dutoh
1978 Lochan.  Ph. D«' T h e s is -  U n i v e r s i t y  o f  Glasgow- 217pp„
I<1 e e r e k o p e r , H« The c h e m i s t r y  o-f t h e  sed im e n ts  o f  f i f t y  
1955 l a k e s  in  t h e  O r d o v i c ia n  and Post  -  O r d o v i c ia n  of
- s o u th e rn  O n t a r i o ,  Canada- P r o c e e d in g s  o f  t h e
I n t e r n a t i o n a l  A s s o c i a t i o n  of  t h e o r e t i c a l  and a p p l i e d  
L im nology-  Commoni c a t i on No- 12 s 828 -  830-
K o f o i d ,  C .A .  The p l a n k t o n  o f  t h e  I l l i n o i s  R i v e r ,  1894 -  
1908 1899.  P a r t  I I -  C o n s t i t u e n t  o rgan ism s and t h e i r
seasona l  d i s t r i b u t i o n -  B u l l -  111- S t a t e  Lab. N a t .  
H i s t -  8 s  3 - 3 6 1 .
^ K o n s t a n t i n o v ,  A»S« B i o l o g i y a  Kh ironomid  i i k h  r a z v e d e n ie „
1958 T rudy  S a ra to v s k o g o  O t d e l e n i y a  VNIRO, 5 s 363pp.
K o z lo v s k y ,  D.G. A c r i t i c a l  e v a l u a t i o n  o f  t h e  t r o p h i c  l e v e l  
1968 c o n c e p t .  1» E c o l o g i c a l  e f  f  i c i eno i e s - Ec o 1« 4 9 (1> s 
48   60.
Page 251
un  z e , 
.1933
Lad 1 e , I' 
1982
Langston
1984
t t la rs s o n
1971
L a s t e i  n 
1976
L a s t e i  n 
1983
L e a c h , 
19715
H L  i. m i”) o 1 o g x s c h e U n 1 e r  s u c h u n g e n u b e r  d a s 
C r u s t a c e e n p la n k t o n  des S c h l e i n s e e s  und z w e ie r  
I<1 exn g e w a s s e r« I n t .  Revue ges .  H y d r o b i o l .  H y d ro g r .  
37 s 164   233 .
1. O rg an ic  d e t r i t u s  and i t s  r o l e  as a -food s o u rc e  in  
C h a lk  s t re a m s .  F i f t i e t h  Annual R e p o r t .  F r e s h w a t e r  
B i o l o g i c a l  A s s o c i a t i o n .  p« 30 -  37 .
, Pi,H. A key t o  t h e  pupal  e x u v ia e  o f  B r i t i s h  
C h iro n o m id ae .  G a m b r id g e s h i r e .  324pp.
, P. V e r t i c a l  d i s t r i b u t i o n  o-f p l a n k t o n i c  R o t i f e r s  in  
a m e r o m ic t i c  l a k e  a B1ankvath  nea r  O s lo ,  Norway.  
Norw. J .  Z o o l .  19 a 47 -  75 .
f E. Recent  s e d i m e n t a t i o n  and re s u s p e n s io n  o f  o rg a n i  
m a t t e r  i n  e u t r o p h i c  l a k e  Esrom, Denmark. O ik o s ,
27 a 44 -  49 .
i E. D e com pos i t ion  and s e d i m e n t a t i o n  p ro ce ss  in  
o l i g p t r o p h i c , s u b a r c t i c  l a k e  T h i n g v a l l a ,  I c e l a n d .  
O ik o s ,  40 a 103 -  112.
f .H .  Seston c o m p o s i t io n  i n  t h e  P o i n t  P e e le  a r e a  of  
E r i e .  I n t .  Rev. ges.  H y d r o b i o l .  60  a 347 -  357 .
Page 252
LeC ren ,  E .D .  and R.H.  Lowe -  McConnel l  ( e d s . )« The 
1980 f u n c t i o n i n g  o f  f r e s h w a t e r  ecosystem s.  IBP Handbook 
No. 22 .  Cambridge U n i v e r s i t y  P r e s s .  588pp.
Lehman, J . T .  E c o l o g i c a l  and n u t r i t i o n a l  s t u d i e s  on P inobryon  
1976a Ehrenb.  s Seasonal  p e r i o d i c i t y  and t h e  pho spha te
t o x i c i t y  p ro b lem .  L im n o l .  Oceanogr,  21_ s 646 -  658 .
Le 'O u e s n e ,  WiJ, Handbook f o r  t h e  i d e n t i f  i c a t i o n  o f  B r i t i s h  
1960 i n s e c t s .  Royal E n t .  Soc. London. 2 (3 )  s
1 -• 68 .
L e Q u e s n e ,  W.J. Handbook f o r  t h e  i d e n t i f i c a t i o n  of  B r i t i s h  
1965 i n s e c t s .  Royal E n t .  Soc. London. 2 (2a)  s
1 -■ 164.
L e v i n e ,  S .N .  and D.W. S c h i n d l e r .  Rad io  ch em ica l  a n a l y s i s  
1980 o f  o r th o p h o s p h a te  c o n c e n t r a t i o n s  and seasona l
changes i n  t h e  f l u x  o f  o r t h o p h o s p h a t e  t o  s e s to n  in  
two Canadian S h i e l d  l a k e s .  Can. J» F i s h .  A q uat .  S c i « 
37 s 479 -  487 .
L i n d ,  E.M. and A . J .  Brook.  Desmids o f  t h e  E n g l i s h  l a k e  
1980 D i s t r i c t .  F r e s h w a t e r  B i o l o g i c a l  A s s o c i a t i o n .
S c i e n t i f i c  P u b l i c a t i o n  No. 4 2 .  123pp.
Page 253
Li  ndemann, R. L.  The t r o p h i c dynamic a s p e c t  o-f e c o lo g y .
1942
Lun d , v! 
1949a
Lund,  C 
1949b
L u n d , v 
1950a
Lund , v 
1950b
L un d , 
1963
E c o l .  23 s 399 - - 4 1 9 .
,W,G, S t u d i e s  on Ast e r  i  one l  l a  I .  The o r i g i n  and 
n a t u r e  o-f t h e  c e l l s  p ro d u c in g  sea sona l  maxima. J .  
E c o l .  37 s 389 -  419 .
• G.W. The dynamics o-f d ia to m  o u t b u r s t  w i t h  s p e c i a l  
r e f e r e n c e  t o  A s t e r i o n e l l a . V e r h . I n t » v e r e i n . 
L im n o l .  10 a 275  -  276 .
.G.W. S t u d i e s  on A s t e r i o n e l 1 a formosa Hass.  I I .  
N u t r i e n t  d e p l e t i o n  and t h e  s p r i n g  maximum. P a r t  I .  
O b s e r v a t i o n s  on W inderm ere ,  E s t h e w a i t e  w a te r  and 
Belham T a r n .  J .  E c o l .  38 s 1 14.
.G.W. S t u d i e s  on A s t e r i o n e l 1 a formosa Hass. I I .  
N u t r i e n t  d e p l e t i o n  and t h e  s p r i n g  maximum. P a r t  I I I  
D i s c u s s i o n .  J .  E c o l .  38 s 1 5 - 3 5 .
„G . W . , F . J . H„ M acke re th  and C.H,  M o r t i m e r .  Changes i 
depth  and t im e  o f  c e r t a i n  ch em ica l  and p h y s i c a l  
c o n d i t i o n s  and t h e  s t a n d i n g  crop  o f  A s t e r i o n e l 1 a 
formosa H a s s . ,  i n  t h e  n o r t h  b a s in  o f  Windermere in  
1947.  P h i l .  T r a n s .  Roy. Soc. 246 <B> b 255 ••■• 290 ,
Page 254
Lundgr
1 9 7 0
*L,vova
1971
Macan
1956
Mac an 
1939
Mac an 
1969
Macan
1970
-en , A. Expe r  i m e n t a  1 1 ake f  e r t i  1 i z a t i o n  in  t h e  !<uokke 1 
a r e a ,  n o r t h e r n  Sweden 2 Changes i n  s e s t o n i  c carbon  
and t h e  r o l e  o f  p h y t o p l a n k t o n .  Verh,. I n t e r n e t ,  
v e r e i n .  L im n o l .  20 s 863 -  868 .
Kachanova,  A . A. □ r  o 1 i d r  e i ssen y (D r e i  seen a 
polymorpha P a l l a s )  v p r o t s e s s a k h  sam oo ch iehche n iy a  
vody Uchinskogo v o d o k h r a n i 1 i s h c h a .  In  2 Kompleksnye  
I s s l e d o v a n i y a  v o d o k h r a n l 1 i e h c h .  p.  196 -  202 .
Moskva s I z d a t e l ' s t v o  Moskovskogo U n i v e r s i t a t .
, T . T .  A r e v i s e d  key t o  t h e  B r i t i s h  w a te r  bugs
(M em ip te ra  -  H e t e r o p t e r a ) « F r e s h w a t e r  B i o l o g i c a l  
A s s o c i a t i o n .  S c i e n t i f i c :  P u b l i c a t i o n  No. 16. 73pp.
i T . T .  A g u id e  t o  f r e s h w a t e r  i n v e r t e b r a t e  a n i m a l s .  
Longman, Hong Kong. 118pp.
, T . T .  A key t o  t h e  B r i t i s h  f r e s h w a t e r  and b r a c k i s h
w a te r  G a s t ro p o d s .  F r e s h w a te r  B i o l o g i c a l  A s s o c i a t i o n .  
S c i e n t i f i c  P u b l i c a t i o n  No. 13. 44pp.
, T i T ,  A key t o  t h e  nymphs o f  B r i t i s h  s p e c ie s  o f  
Ephem eroptera  w i t h  n o t e s  on t h e i r  e c o lo g y .  
F r e s h w a t e r  B i o l o g i c a l  A s s o c i a t i o n .  S c i e n t i f i c
253
Pub 1 :i. c a t i  on No, 20 ( Second Edi t i  o n ) . 6Spp.
iv!acan , T . "I"» A key t o  t h e  Br i t  :i. sh w a te r  bugs (Memi p t er a  - 
i 976 H e t  e r  o p t  e r  a ) » F r  e h w a t  e r  B J, o 1 o g i c a 1 A s s o c i  a t  i o n .
Sc i e n t  i - f i e  Publ i c a t  i on No- 16 ( R e p r i n t e d  i n  1 9 7 6 ) .  
77pp „
MacDonald,  J .  G. C h a p te r  1. G eo logy .  In  : A n a t u r a l  h i s t o r y  
1974 o-f Loch Lomond te d .  R. T i p p e t t >. U n i v e r s i t y  o f
Glasgow P r e s s .  112pp.
M a c k e r e th ,  F . J . H .  Some methods o-f w a te r  a n a l y s i s  -for 
1963 L i m n o l o g i s t s .  F r e s h w a t e r  B i o l o g i c a l  A s s o c i a t i o n .
S c i e n t i - f i e  P u b l i c a t i o n  No. 21 .  70pp.
M a c k e re th ,  F . J . H .  Some chem ica l  o b s e r v a t i o n s  on Post  -  
1966 g l a c i a l  l a k e  s e d im e n ts .  P h i l .  T r a n s . R o y  «< So c .
London. 250  i 165 -  213 .
M a c k e re th ,  F . J . H . , J .  Heron and J . F .  T a i l i n g .  Water  
1978 a n a l y s i s .  F r e s h w a te r  B i o l o g i c a l  A s s o c i a t i o n .
Sc i e n t  i -f i  c Pub 1 i  c a t  i  on No. 36« 12 0 p p .
Mann, K«H« The dynamics o-f a q u a t i c  ec o s y s te m s . ted .  J«B» 
1969 C r a g g ) . Adv. E c o l ,  Res. 6 s  1 -  8 .
Page 256
Mann,  K.H.  I n t r o d u c t o r y  r e m a r k s  on " D e t r i t u s  and i t s  r o l e  
:).972 i n  a q u a t i c  e c o s y s t e m s  " ,  Mem. 1 s t ,  I t a l .  I d r o b i o l .  
Sup pi  « 29 a 13 ■••■ 16 «
♦ M a r g a l e f ,  R. P e r s p e c t i v e s  i n - e c o l o g i c a l  t h e o r y .  U n i v e r s i t y
1968 o-f Ch icago P r e s s .  111pp.
M a r g a l e f ,  R. P h y to p la n k t o n  c o u n t i n g .  In  a A manual on
1969 methods f o r  m easur ing  p r i m a r y  p r o d u c t i o n  i n  a q u a t i c  
e n v i r o n m e n ts .  <ed. R .A .  V o l 1e n w e i d e r ) .  IBP Handbook  
No.- 12. B l a c k w e l l  S c i e n t i - f i c  P u b l i c a t i o n s ,  O x fo rd .  
213pp.
Mason, C iF .  B i o l o g y  o f  - f resh w ate r  p o l l u t i o n .  L ong m an ,  
1981 London. 250pp.
M aulood,  B .K .  and A .D .  Boney. Seasona l  and e c o l o g i c a l  s tu d y  
1980 o f  t h e  p h y t o p la n k t o n  of  Loch Lomond, H y d r o b i o l o g i a .
71. a 239 -  259 .
M ebach lan ,  A . J .  S u b s t r a t e  p r e f e r e n c e s  and i n v a s i o n  b e h a v io r  
1969 e x h i b i t e d  by l a r v a e  o f  N i lo d ru m  h r e v i b u c c a
Freeman (C h i ro n o m id ae )  under e x p e r im e n t a l  
c o n d i t i o n s .  H y d r o b i o l o g i a .  33 a 237 -  249 .
Page 2 57
McVean, D .. N. In  « The v e g e t a t i o n  o f  S c o t la n d  (ed.  B u r n e t t ,  
1964 J., H. > . O l i v e r  & Boyd, E d in b u rg h ,  613pp.
M e l c h i o r r i  -  S a n t o l i n i ,  I I. and J.W, Hopton.  D e t r i t u s  and
1973 i t s  r o l e  in  a q u a t i c  ecosystem s.  P ro c e e d in g s  IBP ...
UNESCO Symposium. P a l l  an s a ,  I t a l y ,  May 23 -  27 ,
1972.  Mem. 1 s t .  I t a l .  I d r o b i o l ,  S u p p l . 29s 1 - 5 4 0 .
M i l l h o u s e *  B .N .  Su pp ly  and q u a l i t y  o f  s e s to n  as a s o u rc e  of  
1981 food f o r  t h e  b e n t h i c  community o f  Dubh Lochan.
B. Sc. T h e s is .  U n i v e r s i t y  o f  Glasgow. 80pp.
M i n s h a l l ,  G.W. R o le  o f  a l 1ochthonous d e t r i t u s  in  t h e  t r o p h i c
1966 s t r u c t u r e  of  a woodland s p r in g b r o o k  community.
E c o l .  48 s 139 -  149.
* M i s r a ,  R .D .  Edaphic  f a c t o r s  i n  t h e  d i s t r i b u t i o n  o f  a q u a t i c  
1938 p l a n t s  in  t h e  E n g l i s h  l a k e s .  J .  E c o l ;  26 s 411 -
451 .
M o e l l e r *  R.Ewqand G .E .  L i k e n s .  Seston s e d i m e n t a t i o n  i n  
1978 M i r r o r  l a k e ,  New Hampshire  and i t s  r e l a t i o n s h i p  t o
long  te rm  sed im ent  a c c u m u la t i o n .  V e rh ,  I n t e r n a l . 
v e r e i n .  L im n o l .  20 s 525 530 .
Page 258
M o lo g s k i ,  J . J .  and M .J .  K lu g .  Q u a n t i f i c a t i o n  and 
1980 c h a r a c t e r i z a t i o n  of  s e d im e n t in g  p a r t i c u l a t e  o r g a n ic
ma11er i n  a s h a l l o w  h y p e r e u t r o p h i e  1 ake .  F r e s h w a t e r  
B i o l .  10 8 497 -  506 .
Morgan,  N .C .  1980.  Secondary  p r o d u c t i o n .  In  s L e C r e n , E .D ,  &
1980 R .H .  Lowe ~ McConnel l  (eds .  ) ,. The f u n c t i o n i n g  of
f r e s h w a t e r  ecosystem s,  p.  247 -  340 .  Cambridge  
U n i v e r s i t y  P r e s s .
(an, N .C .  and D .S .  McLusky. A summary o f  t h e  Loch L e v e n , 
1974 IBP r e s u l t s  i n  r e l a t i o n  t o  l a k e  management and
f u t u r e  r e s e a r c h .  P ro c .  Roy. Soc. Ed inburgh  <B>.
74 s 74 (27)  s 407 -  416 .
M o r t i m e r ,  C .H .  The exchange o f  d i s s o l v e d  su b s ta n c e s  between
1941 -  mud and w a te r  i n  l a k e s .  I  & I I .  J .  E c o l .  29
1942 (1941 )  s 280  -  329 .  I l l  & IV .  J .  E c o l ,  30 (1942 )  j
147 -  201 .
M o r t i m e r ,  C .H .  Chemica l  exchanges between s ed im en ts  and 
1971 w a te r  in  t h e  g r e a t  l a k e s  -  s p e c u l a t i o n s  on t h e
p r o b a b le  r e g u l a t o r y  mechanisms. Limnoi:*. Oceanogr.
16 (2 )  a 87 ~ 404 .
Page 259
M o s s ,  B« Seston c o m p o s i t io n  i n  two f r e s h w a t e r  p o o ls .  L i m n o l  
1970 Oceanogr.  15 <4) s 504  -  513 .
Moss, B. D i v e r s i t y  in  f r e s h w a t e r  p h y t o p 1 a n k t o n . Am. M id i  
1973 Nat., 90 » 341 -  355 .
Moss, B. Eco lo gy  of  f r e s h w a t e r s .  B l a c k w e l l  S c i e n t i f i c  
1982 P u b l i c a t i o n s .  O x fo rd .  332pp.
*Naumann, E, S p e z i e l l e  Untersuchungen uber  d i e  E rnahrungs  ••■• 
1921 b i o l o g i e  des t i e r i s c h e n  L im n o p la n k to n s .  1. Uber d i e  
T ec h n ik  des N ahrungerw erks  be i  den C la d o c e ra n  und 
i h r e  Bedentung f u r  d i e  B i o l o g i e  de r  G e w a s s e r ty p e n , 
A c ta  U n i v e r s i t a t i s  L u n d e n s is .  N .F .  17. s 3   26 .
*0dum, E . P .  R e l a t i o n s h i p s  between s t r u c t u r e  and f u n c t i o n  in
1962 t h e  ecosystem .  Japan J .  E c o l .  1J2 s 108 -  118.
Odum, E .P .  P r im a r y  and secondary  e n e rg y  f l o w  i n  r e l a t i o n
1963 t o  ecosystem s t r u c t u r e .  P ro c .  1 6 t h .  I n t .  Congr.
Z o o l .  4 s 336 -  338 .
Odum, E . P ,  Fundam enta ls  o f  e c o lo g y .  W.E-i. Saunders C o . ,
1971 New Y o rk . 574pp .
Page 260
*0dum, E . P „ and A. A. de 1 a Cr u z . D e t r i  t  us as a ma j  or  
1963 component of  ecosystem s,  Amer, I n s t ,  B i o l .  S c i .
B u l l .  13 s 39 40.
* P a s c h e r ,  A. D ie  Susswasser -  F l o r a  M i t t e l e u r o p a s .  H e f t  10 s 
1930 B a c i 11a r i o p h y t a  < D ia to m e a e ) . Jena V e r l a g  Von Gustav
F i s c h e r  * Germany. 467pp.
* P a t a l a s ,  K. P r im a r y  and sec ondary  p r o d u c t i o n  i n  a l a k e  
1970 h e a te d  by th e r m a l  power p l a n t .  P ro c .  16 Ann. Tech.
M e e t in g  of  I n s t ,  o f  E n v i r o n .  S c ie n c e s ,  M t . p r o s p e c t ,  
111. p.  1267 •••- 1271.
* P e a r s a l l ,  W.H. P h y to p la n k t o n  in  t h e  E n g l i s h  l a k e s .  I I .  The 
1932 c o m p o s i t io n  o f  t h e  p h y t o p la n k t o n  in  r e l a t i o n  t o
d i s s o l v e d  s u b s ta n c e s .  J .  E c o l .  20 s 241 -  262 .
Pe d erso n ,  G . L . ,  E .B .  Welch and A.M. L i t t .  P la n k to n  secondary  
1976 p r o d u c t i v i t y  and biomass s t h e i r  r e l a t i o n  t o  l a k e  
t r o p h i c  s t a t e .  H y d r o b i o l .  50 s 129 -  144,
* P e j l e r ,  B. Taxonomic and e c o l o g i c a l  s t u d i e s  on p l a n k t o n i c
1957a R o t a t o r i a  f rom c e n t r a l  Sweden. K. Svenska
VetensKAKad, H a n d l . S e r .  4 .  Band 6.  No. 7 .  52pp.
Page 261
*-Pe j  1 e r  , B. Taxonomi c: and eco l  ogi c a l  s t u d i  es on p 1 ank t o n i  c 
1915 7 b P o t a t o  r  i a f  r  o m n o r  t  h e r  n Swedish Lapland,.  K.. 8 v © n s k 
V e t e n s K A K a d M a n d l „ Ser» 4 .  Band 6 .  No. 5 .  68pp.
P e j l e r ,  B. The z o o p la n k to n  of  O sb ys jo n ,  Djursho 'lm.  I .
1961 Seasona l  and v e r t i c a l  d i s t r i b u t i o n  o f  s p e c i e s .  
O ik o s ,  12 s 225  248 .
P e n n in g to n ,  W. The c o n t r o l  o f  t h e  numbers o f  f r e s h w a t e r  
1941 p b y t o p la n k t o n  by sm al l  i n v e r t e b r a t e  a n i m a l s .  J .
E c o l .  29 a 204 -  211 .
P e n n in g to n ,  W» The r e c e n t  sed im e n ts  o f  Windermere .
1973 F r e s h w a te r  E<iol.  3 a 363 382 ,
P e n n in g to n ,  W. Seston and sed im ent  f o r m a t i o n  in  f i v e  l a k e
1974 D i s t r i c t  l a k e s .  J .  E c o l .  62 s 215 -  253 .  -
P h i l l i p s o n ,  J .  I n t r o d u c t i o n  t o  e c o l o g i c a l  e n e r g e t i c s .  In  a
1975 Methods f o r  e c o l o g i c a l  b i o e n e r g e t i c s
< e d s . <S r o d z i n s k i , W . , R . Z .  K leko w sk i  and A. Duncan 
IBP Handbook No. 24 .  B l a c k w e l l  S c i e n t i f i c  
P u b l i c a t i o n s .  O x fo rd .  367pp.
262
1978
P1 a n a s , 
1978
Pol uni n 
1982
P o n t i  n , 
1978
P o r t e r , 
1973
P o r t e r , 
1975
P o r t e r , 
1976
L . C . V .  A key t o  t h e  a d u l t  males o-f B r i t i s h  
C h i r  o n o m i d a e ,, F r  e s h w a t  e r  B i o l o g i c a l  Ass o c i  a t  i o n „
S c i e n t  i -f i c P u b 1 i c a t  i o n N o . 37 ,  169p p
D. Phosphorus u p ta k e  r a t e s  i n  p l a n k t o n i c  c o m m u n i t i e s  
r e l a t e d  t o  l i g h t  g r a d i e n t .  I n t .  V e r ,  T h e o r .  Angew. 
L im n o l .  V e rh .  20 t 2731 -  273 6 .
N . V . C .  Seasona l  v a r i a t i o n  i n  s e s to n  and o r g a n ic  
m a t t e r  a c c u m u la t io n  i n  a s h e l t e r e d  f e n l a n d  pond.  
H y d r o b i o l o g i a .  94 s 155 -  162.
P.M. A key t o  B r i t i s h  f r e s h w a t e r  p l a n k t o n i c  
R a t i f e r a .  F r e s h w a t e r  B i o l o g i c a l  A s s o c i a t i o n .  
S c i e n t i f i c  P u b l i c a t i o n  No. 38 .  178pp.
K.G.  S e l e c t i v e  g r a z i n g  and d i f f e r e n t i a l -  d i g e s t i o n  
of  a l g a e  by z o o p la n k t o n .  N a t u r e ,  244 s 179 -- 180,
K.G.  V i a b l e  g u t  passage o f  g e l a t i n o u s  green  a l g a e  
i n g e s t e d  by D a p h n ia . V e rh .  I n t e r n a t .  v e r e i n .
L im n o l .  19 s 2840 -  2850 .
K.G,  Enhancement o f  a l g a l  g row th  and p r o d u c t i v i t y  by 
g r a z i n g  z o o p la n k t o n .  S c ie n c e .  192 i 1332 1334.
Page 263
P o r t e r ,  K.G. The p l a n t  •••• an im al  i n t e r f a c e  in  f r e s h w a t e r  
1977 e c o s y s t  e m s . A m e r  S c i . 6 5 s 159 -  170.
• * P o u r r i o t ,  R» Sur l a  n u t r i t i o n  des r o t i f e r e s  a p a r t i r  des  
1957 a lg u e s  d '  eau douce.  H y d r o b i o l .  9 s 50 -  59 .
P r a d e e p , H . 8 .  and T . R . C .  Gupta .  O rg a n ic  carbon i n  t h e
1986 se d im e n ts  o f  a b r a c k i s h  w a te r  pond a t  M u l k i ,  South  
Kannada. E n v i r o n ,  E c o l .  4 <1) s 154 -  155.
P r e s c o t t ,  G.W. A lg ae  o f  t h e  W estern  G r e a t  l a k e s  a r e a .  Wm. C. 
1962 Brown Company. Dubuque -  Iowa.  977pp«
P r e s c o t t ,  G.W. How t o  know t h e  f r e s h w a t e r  a l g a e ,  Wm, C.
1964 Brown Company. Dubuque -  Iowa. 272pp«
Reed, E .B .  Summer ses to n  crop  i n  C o lo r a d o  a l p i n e  and Montane  
1970 l a k e s .  Arch .  H y d r o b i o l .  67 <4> s 485  -  501 .
R e id ,  G.K. Eco logy  o f  i n l a n d  w a te r s  and e s t u a r i e s .  R e in h o ld  
1961 P u b l i s h i n g  C o r p o r a t i o n .  New Y o rk .  375pp.
*Rodhe,  W. E n v i ro n m e n ta l  r e q u i r e m e n t s  o f  f r e s h w a t e r  p l a n k t o n  
1948 a l g a e .  E x p e r im e n ta l  s t u d i e s  in  t h e  e c o lo g y  of
p h y t o p la n k t o n .  Bymb, B o t ,  L ipsa l . 1_0 <i> » 1   149.
Page 264
Rodhe, W. C r y s t a l  izat i  on a-f e u t r o p h i  c a t  i on co n c e p ts  i  n
1969 n o r t h e r n  Eu ro pe ,  p .. 50   64„ In  t e u t r o p h i c a t  :i. on s
c a u s e s ,  con s e q u e n c e s , c o r r e c t i v e s -  N a t l .  Acad. , S c i „  
W a s h in g to n , D. C.
•fcRuttner, F.  L im n o lo g is c h e  s t u d i e n  an e i n i g e n  S e e n d e r  
1937b O s t a lp e n .  Arch .  M y d r o b i o l .  32 : 167 -  319 .
R u t t n e r  - V .K o l is k o ,  A. P l a n k t o n  R o t i - f e r s ,  B i o l o g y  and 
1 9 7 4  Taxonomy ( T r a n s l a t e d  by K o l i s k o ,  G . )« D ie
Binnengewasser  (S u p p le m e n ta ry  E d i t i o n ! .  26  (1)  8 
1 -  146.
* S a d l e r ,  W.G. B i o l o g y  a-f t h e  midge Chi ronomus te n  t a n s  
1935 F a b r i c u s ,  and methods o-f i t s  p r o p a g a t i o n .  Memoirs,, 
C o r n e l l  U n iv .  A g r l .  E x p t .  S t .  No. 173.  25pp.
S a l m i ,  M. I n v e s t i g a t i o n  o-f t h e  c a l o r i f i c  v a l u e s  o f  p e a t s  in  
1954 F i n l a n d .  I n t .  P e a t  Symposium, D u b l i n  S e c t .  B3« 9pp.
S a unders ,  G.W. O rg a n ic  m a t t e r  and decomposers.  In  8 LeC ren ,  
1980 E .D .  & R .H .  Lowe -  McConnel l  ( e d s . ) .  The - fu n c t io n in g
o-f - f resh w ate r  ecosystem s,  p.  247 -- 340 .  Cambridge  
U n i v e r s i t y  P r e s s .
Page 265
Sa u n d ers ,  G.W. J r .  Some a s p e c t s  o-f s o o p la n k to n  - feeding.
1969 In  s E u t r o p h i c a t i o n  s -c a u s e s ,  con seq u e n ces ,
c o r r e c t ! v e n e s s .  P r o c e e d in g s  o f  a Symposium., N a t ,  
Acad. Sc i e n c es , Wash i  n g t  on , D« C „ p . 556 -- 5 7 3 „
* S c h i n d l e r ,  D.W. P r o d u c t io n  o-f p h y t o p la n k t o n  and z o o p la h k to n  
1972 i n  Canadian S h i e l d  l a k e s .  In  s p r o d u c t i v i t y  problems
i n  f r e s h w a t e r s  (eds .  K a j a k ,  Z. and A. H i l l b r i c h t  -  
JJkowska) .  PWN. Warszawa,  p.  311 -  331 .
S c h i n d l e r ,  D.W and G.W. C o m ita .  The dependence o f  p r i m a r y  
1972 p r o d u c t i o n  upon p h y s i c a l  and che m ica l  f a c t o r s  in  a 
s m a l l ,  s e n e s c in g  l a k e ,  i n c l u d i n g  t h e  e f f e c t s  of  
c o m p le te  w i n t e r  oxygen d e p l e t i o n .  Arch,, H y d r o b i o l .
69  s 413 -• 451 .
S c o u r - f i e l d ,  D . J .  and J . P .  H a r d in g .  A key t o  t h e  B r i t i s h  
1966 s p e c ie s  of  f r e s h w a t e r  C l a d o c e r a .  F r e s h w a t e r
B i o l o g i c a l  A s s o c i a t i o n .  S c i e n t i f i c  P u bT ic a t . ion  
No. 5 ( T h i r d  e d i t i o n ) .  55pp.
S e r r u y a ,  C« Lake K i n n e r e t  s The n u t r i e n t  c h e m i s t r y  of  t h e  
1971 s e d im e n t .  L im n o l .  Oceanogr.  16 » 5 1 0 - 5 2 1 .
Page 2 66
S h a f i ,  lvl„ C o m p a ra t iv e  s t u d i e s  on p o p u l a t i o n s  o-f perch  
1969 (P e re a  -f 1 uv i  a t  i 11s L« > and p i k e  (Esox 1 uc l  u c )
i n  two S c o t t i s h  Lochs.  Ph. D. T h e s i s ,  U n i v e r s i t y  of
G1asgow.
S h o l k o v i t z ,  E .R .  and D. Cop land.  The m ajor  e lem en t
v
1982 c h e m i s t r y  o f  suspended p a r t i c l e s  in  t h e  n o r t h  b a s in  
of Windermere .  Beochemica e t  Cosmochimica A c ta .
46 s 1921 -  1930.
Skoghei  m, 0 .  K. Recent  s e d im e n ts  in  an e u t r o p h i c a t e d  lake. ,  
1978 Arungen,  Norway. V e rh .  I n t e r n a t .  v e r e i n .  L im n o l .
20 s 749 -  757 .
S l a c k ,  H .D .  The bot tom  d e p o s i t s  o f  Loch Lomond. Roy. Soc.  
1954 E d in b u rg h .  V o l .L X V  -  P a r t  I I  (No. 15> s 213  -  238 .
S l o b o d k in ,  L .B .  E c o l o g i c a l  en e rg y  r e l a t i o n s h i p s  a t  t h e  
i 9 6 0  p o p u l a t i o n  l e v e l .  Am. N a t .  ?4l 8 213  -  236 .
Spence,  D .H .N .  F a c t o r s  c o n t r o l l i n g  t h e  d i s t r i b u t i o n  of  
1967 f r e s h w a t e r  m acrophytes  w i t h  p a r t i c u l a r  r e f e r e n c e  t o
t h e  Lochs o f  S c o t l a n d .  J .  Ecol  . 55 s 147 170.
P age 2 67
9 1 a n c z y k o w s k a , A , T h e -f i 11 r  a t  :i. a n q -f p o p u 1 a t  i a r) s o f  
96 <•:) Dr e i  s s 0 na p o 1 _y_morp h a Pa 11 „ , :i, n cl i  -f -f 0 r  en t  3. a k es
as a - f a c t o r s  a f f e c t i n g  c i r c u l a t i o n  o-f m a t t e r  i n  t h e  
l a k e .  E k o lo g i  a P o ls k a .  14 s 265  -  270,.
S ta n g e n b e r g ,  M. N i t r o g e n  and carbon i n  t h e  bot tom d e p o s i t s  
1949 o-f- l a k e s  and in  t h e  s o i l s  under ca rp  ponds.  V e rh .  
I n t e r n a t .  v e r e i n .  L im n o l .  10 s 422 -  437 .
S t o r r ,  J . F . ,  J . R. Fox ,  P . J .  Hadden -- C a r t e r  and C« J . Cazeau.  
1984 B i o l o g y ,  e c o lo g y  and c h e m i s t r y  o-f a - f loe l i k e
sed im ent  in  l a k e  E r i e .  V e rh .  I n t e r n a t .  v e re in . ,  
L im n o l .  22 s 504 -  509 .
S t r i c k l a n d ,  J . D . H .  and T .R .  P a rsons .  A p r a c t i c a l  Handbook o-f 
1972 sea w a te r  a n a l y s i s .  F i s h .  Res.  Bd. Canada.  B u l l . .
167 (Second E d i t i o n ) .  310pp.
-x-Tessenow, U. E x p e r i  m e n ta lu n te rs u c h u n g e n  z u r  K i e s e l s a u r e r u c k -  
1964 -fuhrung aus dem Schlamm der  Seen durch C h i r o n o m id e n --
l a r v e n  (Plumosus -  S r u p p e ) . Arch .  H y d r o b i o l .
60 1 497 - 504 .
Page 2 68
#T 0 s s ©now , U . Losungs   Di f  f us:Lans   und S a r p t i o n s r r o z e s s e  in
1 ? 7.? d e r  0 b e r  © c h i c h t  von S e esed im en ten .  I . E i n L a n g s e i t  -  
e x p © i'" i m e n t. u n t  e r  a © r  o b © n u n d an a e r o  b e n B e d i n g u n gen i m 
F I i © B g l e i c h g e w i c h t . Arch .  H y d r o b i o l .  S u p p i „ 38 a
“ ji* c r  “ p n
OJO '*” 070 «
The S c o t t i s h  W i l d l i f e  T r u s t .  R e p o r t  o f  t h e  a c i d  r a i n  i n q u i r y  
1985 h e ld  in  E d inbu rg h  on 27th» t o  2 9 t h .  S ep tem b er ,  1985,  
S c o t t i s h  W i l d l i f e  T r u s t .  E d in b u rg h .  264pp.
♦Th iem ann ,  A. D ie  B innengew asser  M i t t e l e u r o p a s , S t u t t g a r t .
1925
T i t t e n s o r , R.M. and R .C .  S t e e l e .  P l a n t  communites o f  t h e  
1971 Loch Lomond oakwoods. J .  E c o l . 59 s 561 -* 582.,
♦ T o l l i n g e r ,  M. , S. S t .  V., S r .  D ie  g e o g r a p h is c h e  V e r b r e i t u n g  
1911 der  D ia p to m id e n .  Z o o l . Jb.  A b t .  S y s t .  Geogr.  B i o l .
30 2 1 -  302 .
♦ T r e s s l e r ,  W.L. The z o o p la n k to n  in  r e l a t i o n  t o  t h e  m etab o l is m  
1939 o f  l a k e s .  In  s Prob lems o f  l a k e  b i o l o g y .  M o u l to n ,
F . R . ,  ( e d . > .  A . A . A . S .  P u b l i c a t i o n  No. 10 s 79 -  93 .
Page 2 69
"I" u b b , R m A a n d T . 3« D o r  r  i  s . H e r  b i  v  o r  o u s i  n s e c t  p o p u 3. a t  i  o n s
:!. ? 6 5 i n o i 1 r  e f  i n e r  y e f  f  1 u e n t  h o l d !  n g pond s e r i e s .
I..., i mn o 1 „ 0c. ean og r « LO » 3.2 3, 134«
Unwin,  W.l i.  A key t o  t h e  f a m i l i e s  of  B r i t i s h  D i p t e r a .  F i e l d
1981 S t u d i e s .  5 s 513  — 553 .
Vol 1 e n w e i d e r , R. A.  < e d . >. A manual- on methods f o r  m easur ing  
1969 p r i m a r y  p r o d u c t i o n  i n  a q u a t i c  e n v i r o n m e n ts .  IBP
Handbook No. 12. B l a c k w e l l  S c i e n t i f i c  P u b l i c a t i o n s .  
O x f o r d . 2 1 3 p p .
V e r d u i n , J .  C a l o r i c  c o n t e n t  and a v a i l a b l e  e n e rg y  i n  p l a n t  
1972 m a t t e r .  E c o l . 53 s 982pp.
W a lk e r ,  A. A s tu d y  o f  t h e  v e g e t a t i o n a l  h i s t o r y  o f  Dubh
1975 L o c h a n , a sm a l l  Loch nea r  Loch Lomond. M. Sc.
T h e s i s ,  U n i v e r s i t y  o f  Glasgow.
Ward, H .B .  and B .C .  W h ip p le .  F r e s h w a te r  B i o l o g y  (Second  
1959 E d i t i o n ,  ed .  Edmondson, W . T . ) .  John W i l e y  & Sons,
I n c .  New Y o rk .  1111pp.
Watson,  E . V .  B r i t i s h  mosses and l i v e r w o r t s  ( T h i r d  E d i t i o n ) .  
1981 Cambridge U n i v e r s i t y  P r e s s .  Cambridge .  519pp»
Page 270
W elch ,  P„9» L im no lo gy  (Second.. E d i t i o n )  * - McGraw -  M i l l  Book 
.1.952 Company, I n c .  New Y o rk .  538pp.
♦Wesenberg -  Lund,  C» P l ’an k to n  i n v e s t i g a t i o n s  o-f t h e  Danish  
1904 lakes, ,  S p e c i a l  p a r t .  Copenhagen, 223pp.
♦Wesenberg -  Lund,  C» C o n t r i b u t i o n  t o  t h e  b i o l o g y  of  t h e  
1930 R o t i f e r a .  P a r t  I X .  The p e r i o d i c i t y  and sex u a l
p e r i o d s .  K. danske V ie d e n s k .  S e l s k .  S k r .  Maturw.  
M ath .  A f d . , ( S e r .  9 ) .  2 ( 1 ) ,  No. 1. 230pp.
W est ,  W. and G» S. West .  A monograph o f  t h e  B r i t i s h
1 9 0 4 -  Desmi d i  a c e a e .  V o l . I_ -  1905 ,  Vol « I I  -  1905 ,  V o l .
1923 1 1 1 . ” 1908 ,  Vol . IV  — 1912 ,  V o l . V  -  1923
( w i t h  N« C a r t e r ) . Ray S o c i e t y ,  London.
W e s t l a k e ,  D .F .  P r i m a r y  p r o d u c t i o n .  In  s LeC ren ,  E .D .  & R.M.  
1980 Lowe -  McConnel l  ( e d s . >« The f u n c t i o n i n g  of
f r e s h w a t e r  eco sys tem s,  p.  141 -  2 46 .  Cambridge  
U n i v e r s i t y  P r e s s .
W e t z e l ,  R.G. L im n o lo g y .  W.B. Saunders  C o . ,  Phi 1a d e l p h i  a .  
1975 743pp.
Page 271.
W etze l  , 
1972
W e t z e l ,
1973
♦ W h ip p le  
1898
*Wi 1 dung
1974
Wi nberg
1971
*Wi nberg
1972
R . G . ,  P .M. R i c h ,  M.C.  M i l l e r  and H . L .  A l l e n .  
M e ta b o l is m  o f  d i s s o l v e d  and p a r t i c u l a t e  d e t r i t a l  
carbon in  a t e m p e r a t e  h a r d ' -  w a te r  l a k e .  Mem. 1 s t .  
I tail. ,, I d r o b i o r .  S u p p l . 29 s 185 -••• 243 .
R. G.  and R. A.  Hough. P r o d u c t i v i t y  and r o l e  o f  
a q u a t i c  m acrophytes  in  l a k e s .  An assessm ent .  P o l .  
A rch .  M y d r o b i o l . 20 g 9 -  19.
G« C. Cl a s s i  f i  c a t  i on of 1 akes a c c o r d i  ng t o  
t e m p e r a t u r e .  Amer« N a t .  32 s 25 53 .
R . , R, Schm idt  and A. G a h l e r .  The phosphorus s t a t  
of  e u t r o p h i c  l a k e  se d im e n t  as r e l a t e d  t o  change in  
l i m n o l o g i c a l  c o n d i t i o n s  -  t o t a l  i n o r g a n i c  and 
o r g a n ic  phosphorus .  J .  E n v i r o n .  Q u a l « 3 s 133--138.
G.G. Methods f o r  t h e  e s t i m a t i o n  o f  p r o d u c t i o n  of  
a q u a t i c  a n i m a l s .  T r a n s l a t e d  by A. Duncan. Academic  
P r e s s .  London. 175pp.
G . G . , V. A.  B a b i t s k y ,  S . I .  G a v r i l o v ,  G. V.  G la d k y ,  
I . S .  Z ak h a re n k o v ,  R . Z .  K o v a le v s k a y a ,  T . M.  M ikh eeva  
P. S .  Nevyadomskaya, A. P.  O s ta p e n y a ,  P. G.  P e t r o v i c h  
J . 8 .  P o taenko  and 0«F.  Yakushko.  B i o l o g i c a l  
p r o d u c t i v i t y  o f  d i f f e r e n t  t y p e s  o f  l a k e s .  In  s
p r  o d u c t  i v i t  y p r  a b 1 e m s a-f -f r a s h  w a t e r s  ( e d s K  a .:] a k , Z 
& A« H i l l . t o r i c h t  -• 11 kowska) p.  383  -  404„ Warsaw 
Kr akaw s Pa 1 i sh Sc i en t  i f  i  c Pub 1 i s h e rs  .
Wot t o n ,  R . S .  Does t h e  s u r f a c e  - f i lm  o-f l a k e s  p r o v i d e  a sourc  
1982 o-f -food -for a n im a ls  l i v i n g  i n  l a k e  o u t l e t s  ?.  
L im n o l .  Gceanogr.  27_ (5> s 959  960«
W r i g h t ,  J . C .  L im no lo gy  o-f Canyon F e r r y  r e s e r v o i r .  I I .
1959 P h y t o p la n k t o n  s t a n d i n g  crop and p r i m a r y  p ro d u c t io n . .
L im n o l .  G c e a n o g r , 4 s 235 -  245 .
V a s lii mura,  S. Seasona l  v a r i a t i o n  o-f s i l i c a  i n  Takasukanum a, 
1930 S a t im a .  Jap .  J .  Geol « Geogr.  7 s 101 -  113.
Z a d o r o jn y ,  C. , S. S a x to n  and R. F i n g e r .  Spectrophotometr : i .c  
1973 d e t e r m i n a t i o n  o f  ammonia. J .  Wat.  F o l l u t .  C an t .
Fed.  45 s 905 -  9 12 .
*N o t seen i n  o r i g i n a l .
